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INCREASING THE PRODUCTIVITY OF RESEARCH’ 


By Dr. PAUL E. KLOPSTEG 
DIRECTOR OF RESEARCH, NORTHWESTERN TECHNOLOGICAL INSTITUTE, EVANSTON, ILLINOIS 


Very few scientists have had opportunity during 
the past five years of engaging in research of their 
own interest and choosing. The demands of war 
have placed urgent emphasis on the need for devel- 
oping practical embodiments of scientific principles 
with the purpose of providing our armed forees with 
all manner of new devices more potent in warfare 
than those of the enemy. To this end, the great 
majority of our scientists and engineers in university 
and industry and in the laboratories of government 
lepartments have been united in a common effort, 
*n a scale without precedent, bringing to bear upon 
the problems presented a vast resource of ingenuity, 
drawing upon an equally vast store of scientific 


| | Delivered before the Northwestern University Chapter, 
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knowledge and practical experience. Their accom- 
plishment will speak for itself when security regula- 
tions will no longer prevent disclosure. It is matched 
only by the miraculous accomplishment of American 
industry in producing the equipment and supplies by 
which our armies and navies and those of our allies 
have so competently brought their tasks of unprece- 
dented magnitude so near successful conclusion. 
The productivity of our scientists and engineers 
in the war effort has been possible because of the 
large numbers engaged in work of common character ; 
the unlimited funds and facilities available for the 
work; and the strong stimulus of doing something 
potentially valuable in helping to win the war. To 
those who have had opportunity of seeing many 
aspects of war research, it is apparent that most of 
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the activity has been developmental. Its eontribu- 
tion to fundamental knowledge has been small. 
Rather, in a manner of speaking, it has been eating 
into our reserves of fundamental knowledge and has 
been making applications of that knowledge to de- 
structive purposes. Although we admit this with 
extreme regret—regret that the greatest effort in 
scientific activity that the world has ever known has 
had to do with destruction and devastation—there 
has been no alternative. But the time has come 
when we may again think and plan in terms of peace- 
ful pursuits, with the hope and expectation that the 
results of our future efforts may be beneficial and 
restorative and contribute to human welfare and con- 
tentment. 

The word research has been defined in many dif- 
ferent ways, depending, perhaps, on the interests 
and associations of the person writing the definition. 
The kind of research that has as its objective new 
developments for industry is whimsically defined by 
C. F. Kettering as “the process of finding out what 
we’re going to do after we can’t keep on doing what 
we're doing now.” That definition, though pointed 
and epigrammatic, does not quite meet the needs of 
this diseussion. In order that we may have a com- 
mon understanding of the meaning of the term, I 
should like for our purposes to propose the follow- 
ing: 

Research is original and creative intellectual activity 
carried on in the laboratory, the library or in the field, 
which endeavors to discover new facts and to appraise 
and interpret them properly in the light of previous 
knowledge. With constantly increasing understanding, it 
revises previously accepted conclusions, theories and laws, 
and makes new applications of its findings. Whether it 
seeks to extend knowledge for its own sake or to achieve 
results with specific economic or social value, its raison 
d’étre is its contribution to human welfare. 


Having established a definition of which most of you 
would approve, let us get on with our subject, “In- 
creasing the Produetivity of Research.” The impli- 
cation of this title is that there is need for enhancing 
and augmenting the results of effort devoted to re- 
search. Although we may wishfully hold the opinion 
that support for research should be unlimited, or that 
the need for such support should not be questioned, 
it niust not be forgotten that in the last analysis funds 
for conducting research are provided by the public, 
whether the channels through which they flow are 
those of government, commerce, industry or, indeed, 
whether they are gifts from private sources. That 
research needs doing need not be argued. Its results, 
so far as modern living is concerned, envelop us, 
and speak for themselves. But are ‘we in position to 
argue that the effect upon the world would be dis- 
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,astrous unless some annual quota of research outpy 
were reached? Obviously not. What we cap a 
do say is that the greater and better the output, th 
more will the world benefit by the results, and ty 
more rapid will be our climb towards better vn 
better in the broadest meaning of that word. No 
can there be any doubt that we must continue t) add 
to our reserves of fundamental knowledge, and tho 
need will arise in many directions to apply exisiin, 
knowledge as well as newly acquired knowledge {j 
immediate problems. As the problems of way ane 
left behind, and postwar activities are undertake, 
the first great change that the many thousands yh, 
were engaged on government contracts will notice 
the necessity for readjustment to a greatly diminishoj 
seale of support. Another change is that the pry. 
sure to get the job done will have been much reduce 
We shall again be pursuing our work in more leisurely 
fashion and shall have time for the meditative anj 
reflective aspects of investigations without the jy. 
evitable interruptions that the abnormal conditioy: 
brought upon us. Notwithstanding the reduced pre. 
sure and the consequent improvement in environment 
for scholarly endeavors, we are in agreement, I ay 
sure, that research should be conducted with the puw. 
pose of achieving the best results both in quality and 
quantity in relation to the available time and the 
effort and money applied to it. 

As we view the postwar picture we shall discem 
quickly that the number of competent research work 
ers will have become greatly diminished during the 
war years, by death and retirements at one end 
the age scale, and by almost complete cessation oi 
replacement at the other. This question has bee 
discussed in a number of recent articles. It is a sub- 
ject of many implications, which must be of mue 
concern to scientists. We lack time to treat it ¢- 
tensively. My only purpose in bringing it into thi 
discussion is to introduce the fact that in our postwar 
research there will be a period of perhaps ten year 
in which we shall have far fewer research worker 
than our institutional and industrial laboratories wil 
need. This is one factor that bears on the problew 
of increasing the productivity of the individual dois 
research, 

As we consider quantity and quality of resear¢h, 
we feel keenly the need for some way of measurilg 
the output. The only unit we seem to have, aud 
which is patently not a measure of output, is tle j 
number of dollars that support it. Numbers of page! 
of published results are sometimes used as a gage! ¢ 
scholarship upon which advancement in profession! 
status depends. To my knowledge, no one has evé 
found a formula for converting this number of pg 
to a figure of merit of the work set forth in the pu) 
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jications. The evaluation of results of research, from 
the standpoint of human welfare and benefit, has, in 
short, not been reduced to measurement. We can 
therefore speak only in relative terms and say that 
we hope for more and better research, or that our 
output of valuable results per dollar ought to increase. 
That this hope is justified rests on the conviction that 
the point of diminishing return per dollar spent has 
not been reached, that we are, in fact, far from it, 
and that it is not likely to be reached within predict- 
able time. Thus it appears self-evident that all pos- 
sible means to increase the effectiveness of our re- 
search should be employed. I should like to explore 
with you some means for accomplishing this purpose. 

It is generally recognized that progress in science 
is intimately associated with and dependent upon 
availability of instrumental aids for observation, mea- 
surement and control. To this thesis, Zeleny? devoted 
his retiring address as vice-president of the American 
Association for the Advancement of Science and chair- 
man of Section B in 1916. In the industrial field, the 
word “instrumentation” has come to mean the control, 
by means of instruments and devices based on mea- 
suring techniques, of industrial processes. I should 
like to introduce a new and broader term—“instru- 
mentology”—a contraction of “instrumental technol- 
ogy’—to denote the science and art of applyimg 
instruments, and methods used in association with 
instruments, to extending our powers of observation, 
to the making of accurate measurements, to the pre- 
cise control of ambient conditions and to the analysis, 
reduction or other processing of data. 

If you are an Einstein or if, perchance, your field 
is theoretical physics or pure mathematics, the only 
equipment you will need is pencil and paper. The 
great majority of scientists are, obviously, not Hin- 
steins; nor are they theoretical physicists or mathe- 
maticians. Even in these categories, the validity of 
paper-and-pencil research, except, perhaps, in the 
field of pure mathematics, can not be established with- 
out the use of instrumental methods. 

Three decades ago it was still possible for the indi- 
vidual research worker, in most fields, to familiarize 
himself with instrumental methods that might be of 
use to him in his own researches and, with some months 
of application, to become reasonably expert in apply- 
ing the chosen instruments to his problems. During 
the past three decades, however, the field of instru- 
mentology has become so complex and has advanced 
with such speed that no individual scientist could hope 
to keep pace with even a small section of the advanc- 
ing technology. It hardly needs pointing out that in- 
strumentology makes applications primarily of phys- 
ical principles. Yet there is not a physicist, I dare 
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say, who is intimately familiar with the principles 
and the details of all the instruments that have been 
described or that are available for all the kinds of 
measurement, observation and control that might find 
useful application in the research laboratory. Since 
instruments make applications of fundamental phys- 
ical principles, the physicist may be in somewhat bet- 
ter position to comprehend broadly what is possible 
with instruments, what is available for use, and, in 
general, how they may be applied to specifie problems. 

If the physicist, in whose domain the principles of 
instruments lie, ean not hope to keep currently abreast 
of instrumental developments, what shall we say about 
the biologist or the psychologist er the engineer or the 
research worker in medicine whose researches dis- 
tinetly call for an application of instrumental meth- 
ods? Unless the biologist happens to be a biophysi- 
cist, the psychologist a psychophysicist, the geologist 
a geophysicist, or the chemist a chemical physicist or 
physical chemist, it is unlikely that in the course of 
his training or experience he has acquired more than 
a nodding acquaintance with instrumentology. If in 
his—let us say, biological—research problem the ap- 
plication of instruments is clearly indicated, what 
course should he pursue? 

He thinks his problem through. In this reviewing 
process it occurs to him that his friend Jones in the 
department of physics is more or less expert in this 
particular field which may eall for the application of 
electronics to the precise control of some particular 
environmental condition. He goes to see Jones and 
talks the problem over with him, hoping, but not ex- 
pecting, that more aid than a few helpful comments 
will be forthcoming. His negative expectation is 
realized. Jones, the physicist, has his own problems. 
He is courteous and friendly and helpful enough, to a 
point, but beyond that, Smith, the biologist, has to 
shift for himself. Fired with enthusiasm and zeal to 
get into his problem and make headway with it, he 
studies the references that Jones has given him, and 
after some weeks of intensive application he feels rea- 
sonably qualified to go ahead, employing an instru- 
mental procedure that he hopes will do the job. Un- 
fortunately, the particular instrument that he has 
decided upon using is not regularly available from 
the dealer in scientific instruments. If it were, the 
chances are that Smith’s research would have been 
done long ago. He is working in a new field in which 
biology and physies overlap and, consequently, no 
specific instrument has been devised for the applica- 
tion he has in mind. So he sets about designing the 
instrument, with occasional help from Jones in select- 
ing the proper components for the electric circuits 
and, perhaps, an optical system, and after some weeks 
more the device is put together and, with sufficient 
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“debugging and doctoring,” it is made to operate, 
after a fashion. Smith has spent several months do- 
ing things that he should not have to do, things with 
which he is not particularly familiar or particularly 
expert. He finally gets his research under way. Al- 
though the instrument falls a bit short of his expecta- 
tions, he eventually gets his results and publishes his 
paper. In all probability the research turned out less 
well than it might have, had he been in position to 
devote his entire time to intensive study of the problem 
in his own field of specialization. 

Now let us take another view of the same problem. 
The university with which Smith is connected is a 
fairly large, well-established institution. The adminis- 
tration has accepted the truism that a university has 
the traditional obligation to the public to foster and 
facilitate research among the scholars who comprise 
its faculty. It has established adequate libraries to 
enable its scholars in the non-laboratory fields to do 
distinguished work. It has also recognized that for 
equally distinguished work in the many fields that 
depend upon instrumentology there must be available 
the facilities for providing and applying such meth- 
ods. There has consequently been established a group 
of research service centers, including a laboratory 
headed by Brown, a specialist in electronics, for whom 
it is as simple to design a eireuit for a specific purpose 
as it is for Smith the biologist to plan a problem in 


_which the use of paramecium or drosophila is indi- 


cated. Smith is aware that one of Brown’s assigned 
functions is to consult with men like Smith, to assist 
them in devising the electronic aids for earrying on 
their researches. Brown has in his laboratory several 
technicians trained in putting electronic cireuits to- 
gether and making them funetion properly. After 
diseussion with Smith, he directs one of the tech- 
nicians to build a device which he then turns over to 
Smith; more than that, he assigns the technician to 
assist Smith in putting it in operation and use. Smith 
has been saved a number of months of study and 
effort in a field in which he is not a specialist and in 
which he is not particularly interested, and has saved 
the time for the effeetive application of his greater 
knowledge of his own field. 

The word picture I have just given will, I think, 
offer an insight into a proposal which should be con- 
sidered in every university that extensively supports 
scientific research. It will also suggest a plan which 
f am confident will vitalize scientific research in a uni- 
versity and materially inerease the valuable output per 
dollar of the funds that support its research. 

A group of research service laboratories of the kind 
that assisted Smith in his problem is, in my opinion, 
potentially the most effective agency that can be de- 
vised for assisting research in all departments of sci- 
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ence. They are the laboratories of instrumentolog, 
whose work constitutes a technology Consisting of the 
application of science to science itself. Unde; this 
plan a university would have available a group of 
specialists able and ready to consult with any researg 
worker in the university, whether in pure or applied 
seience, engineering or medicine. These Specialists 
would assist the research worker not only with adyig 
but by the loan of qualified personnel, either to fy. 
miliarize the research worker himself with a metho 
or procedure, thereby enabling him to earry on with. 
out further assistance; or, in the ease of the highly 
specialized, complicated instrument, ‘to operate the 
instrument. 

It would be wearisome for you to have to listen to , 
portrayal of details of all the laboratories that might 
comprise such a group. A quick review of some pos. 
sibilities, with brief comments, may prove interesting. 
I would not confine the subject-matter of the labora. 
tories to physics because there are techniques and pro. 
cedures in chemistry and mathematics, for example, 
that are as much a part of instrumentology as are the 
techniques of physics. In the Office of Scientific Re- 
search and Development it was found not only valu- 
able but essential to establish a group of mathema- 
ticians, known as the Applied Mathematies Panel, to 
assist the research workers in the various fields of 
activities covered by the National Defense Research 
Committee. It is equally important in peacetime re- 
search to have mathematical aid for research in the 
sciences, in economics and in other fields. 

I would therefore place on my list of research service 
centers a laboratory of applied mathematies, equipped 
with all the latest caleulating machines and devices 
for which research in the university’ might find need. 
Working closely with it, and possibly cooperating in 
the design and development of new mechanical, op- 
tical or electronic means for performing complicated 
mathematical operations, might be a laboratory for 
specialization in methods of control, including such 
war-tested indispensable devices as servo-mechanisiis. 
There would be a laboratory specializing in micro- 
chemical techniques; another one employing the in- 
strumental facilities that have proved so efiective in 
physical chemistry and electrochemistry. To keep 
abreast of the important new developments of mate- 
rials there would be a laboratory of metallurgy and 
metallography, another dealing with the technology of 
plasties and wood, another with fibers and textiles, 
still another specializing in high-polymer physics and 
chemistry. In these four laboratories would be found 
men with qualifications to handle all problems having 
to do with the properties of materials; they would 
have particular significance in many aspeets of engi- 
neering. 
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still another group would deal with meteorology 
ad geophysics, the latter presumably having much 


. potential value for a department of geology which 


realizes that great progress is possible in the appli- 
ation of physical methods to its problems. There 
would be a laboratory specializing in problems of heat 
and temperature and the measurement and control of 
these quantities, and one dealing with problems of 
vibration and acoustics. There would be a laboratory 
ppecializing in the applications of such techniques as 
measurement of relative masses of atoms and mole- 


B ules with a mass spectrograph. Another would deal 


with spectrography and spectrophotometry, extending 
through the visible and the adjacent invisible regions 
of radiant energy. There would be laboratories spe- 
dalizing in applied opties, ineluding polarimetry, 
photoelasticity and applications of photography as 
well as other uses of optics in research. Applications 
of electrical measurement and control, of electronics 
and gaseous conduction, of x-rays and radioactivity, 
vould constitute a group of technologies employing 


@ the developments particularly of the past several 


decades. Others would be established as the need 
arose and new methods and procedures became avail- 
able. 

One of the laboratories mentioned would be 
equipped with an eleetron microscope. This instru- 
ment has found diversified applications; but since its 
cost, and at present its size, are such that it would 
hardly be feasible to provide an electron microscope 
for every department of a university that might use 
it, an instrument eentrally available would serve an 
exceedingly useful purpose for many departments and 
many kinds of research. In charge of the microscope 
would be a technician who has been thoroughly trained 
in its use and who could therefore apply it to any par- 


# ticular problem to best advantage. The same thing 


may be said about a mass spectrograph, perhaps a 
betatron, and other instruments similar in kind. 
Associated with such laboratories there would be 
all the shop facilities required to render their work 
efective. The shop would be equipped with pre- 
cision tools for the working of metals, wood, plastics, 
glass and other materials useful in research. The 
shop, indispensable and invaluable to the laboratories, 
would provide personnel specially trained in general 
laboratory techniques, such as setting up optical sys- 
lems, vacuum systems and systems for maintaining 
pressure, rates of flow and other quantities at desired 
levels, Its superintendent or an assistant would aid 
in developing the mechanical designs of special appa- 
tatus with reference to simplicity and ease of con- 
struction, 
You will before now have detected the principal 
difficulties in making such a plan work effectively. 
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One of these is the problem of finding and assembling 
a well-qualified staff endowed with sufficiently broad 
vision and understanding to appreciate the important 
part it can play in the advancement of science. A 
university administration, as well as a directing head 
of such a group of laboratories, must realize that these 
are as essential to research in science as is the research 
library to the non-laboratory fields of scholarship. 
The scientist responsible for any particular laboratory 
must have understanding of and be sympathetic with 
the problems of the scientists in fields other than his 
own. His value is enhanced if he familiarizes him- 
self with the general aspects of the several fields of 
science that his laboratory has been established to 
serve. 

Another, and the only other major problem that 
may impose difficulty in carrying such a plan to suc- 
cessful realization, is that of kudos for the scientists 
who comprise the staff of the laboratories. The per- 
son responsible for any one of the fields will of neces- 
sity devote some of his time to the problems of his 
colleagues in the university. He may or may not 
develop material suitable for publication, to show for 
the time thus spent. But, on the credit side of his 
picture, is the fact that his own research will consist 
in extending his technology to the problems that will 
either be presented to him or that he himself may find 
and suggest to the specialists in the field in which that 
problem falls. The extension of his technology, to- 
gether with the development of new and improved in- 
struments within his field, will be his research. More 
than that, however, may be confidently expected. His 
own horizon will expand, and he will discover prob- 
lems that would not otherwise occur to him. 

As such laboratories come into existence and begin 
their activity in the service of science in a university, 
more and more researches will develop in those areas 
in which contiguous sciences overlap. Here the spe- 


cialist in instrumentology and the scientist with whom- 


he joins his interests will become co-workers and joint 
authors of papers deseribing the results of their co- 
operative research. The problems brought to the in- 
strument specialist by scientists from fields outside his 
own will stimulate his interest and imagination so that 
he becomes more productive in his own field. There 
lies ahead also the strong probability that the scientist 
who has been assisted by one of the laboratories of 
instrumentology will develop an output of research 
with higher quality and greater frequency than would 
be remotely possible for him with equal effort spread 
over activities with which he should not have to con- 
cern himself. 

-The proposed plan is capable of stimulating and 
developing the research potential in another way. 
The training of students in the theoretical funda- 


; 
were ae) 
= 
> 
9Y, 
th 
4 
“J 
areh 
list 
Vice 
ith 
08 
‘Oa 
ght 
if 
ra- 
dle, 
R 
= 
re- 
ne 
ee 
es 
| 
in 
$ 
: 
& 
: 
3 
| 
bs 


574 SCIENCE 


mentals, in the scientific method and in the practical 
applications of the scientific method employing the 
powerful tools of instrumentology—such training can 
make great contributions to research in a long-range 
program. The conduct of such training might logi- 
cally become the responsibility of a department of 
applied science, which would also be the logical re- 
sponsible agency to conduct the activities of the lab- 
oratories of instrumentology. Basie courses in mathe- 
maties, physies and chemistry, in such concentration 
as might be supported in the curriculum, would con- 
stitute its foundation. All these courses would be 
planned in cooperation with and offered by the de- 
partments representing these several fields of knowl- 
edge. In parallel with the fundamental studies there 
would be general and specific courses in instrumen- 
tology, with supporting electives. These would be en- 
riched and broadened and liberalized by courses chosen 
for that purpose, and it need hardly be added that 
sufficient training in English would be included to 
assure ability to express ideas clearly. This plan 
would provide training of a kind not now available. 
It would provide foundations of education for bio- 
physicists, and for physicists with intensive training 
in other directions, such as petroleum technology, 
metallurgy, acoustics and opties, to cite only a few 
examples. A student who had completed work to the 
bachelor’s or master’s level in such a curriculum weuld 
be well prepared for service in many kinds of in- 
dustry. He would be equally well prepared for grad- 
uate work looking towards advanced degrees. 

This discussion of the training of students tempts 
me to digress long enough to put before you a brief 
outline of what seem to me to be the objectives of edu- 
cation—an outline that I would use as a general guide 
in conducting the kind of course I have in mind. Dur- 
ing an industrial interlude of more than twenty years 
my interest in education never faltered, resting as it 
does on the firm convietion that the hope of a better 
future lies in better education and better research. 
The outline, crystallized out of personal experiences, 
out of a great deal of time available for thinking while 
traveling endless hours during the past five years, and 
out of many discussions with educators, directors of 
research, personnel directors and government scien- 
tists, is an attempt to set down these objectives in a 
single typewritten page. Please observe that no dis- 
tinction is made between “liberal” and “technical” edu- 
cation. For this failure to distinguish, if failure it be, 
I offer no apology; I have been unable to persuade 
myself that education should have restrictive labels. 


The ebjectives of education are to develop knowledge, 
the arts, manners, and wisdom. 

Knowledge is a comprehension of information, facts 
and theories, and an understanding of interrelationships 
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among them. It is acquired most effectively by though 
ful reading, discussion and observation, and by the de 
velopment of good habits of study through the CXErig 
of self-discipline. Methods of acquiring knowledge me 
more important to the student than knowledge itself. 

The Arts are the ‘‘know how’’ of doing. They cay not 
be learned by reading. They are acquired under com 
petent guidance and direction, with ample Opportunity fp 
the student to train himself and to develop his ¢reatiy, 
talents, curiosity, imagination and ability to think. My, 
of the content of education is knowing how to do things, 
it is ability to apply mental and manual dexterity, anq 
plan and direct the attack upon a problem. Applic 
mathematics and applied science are examples of the aj. 
vanced arts; so is applied English—the ability to write, 
report with clarity and brevity. Many problems of ti, 
future will demand both knowledge and the arts at hig) 
levels of attainment. 

Manners, in its simplest aspect, is social behavior—th. 
attitude of the individual towards others. The develup. 
ment of good manners depends in larger degree upon ex. 
ample and advice to the student by members of the fae. 
ulty who themselves have attained a high level of social 
behavior than it does upon formal courses. Cultural sub. 
jects, such as history, philosophy, economies and socio). 
ogy, contribute to such development, and assist in pro. 
viding unification and integration among the several fac- 
tors that comprise education. The student should acquire 
a consciousness of his obligations to society, and of the 
indispensability of personal integrity and responsibility in 
his dealings with others. Home and community influence 
are perhaps more potent in the development of good man 
ners than anything that schocl or college ean do. 

Wisdom is the attribute exemplified by sound judgment 
and common sense. It governs the way in which know!- 
edge, the arts and manners are applied in any particular 
situation. An indication of wisdom is the ability to ap- 
praise a set of circumstances, to foresee their implications, 
and to initiate action that will assure attainment of de J 
sired ends. Since wisdom depends for the most part 0 
an inherent aptitude, or ‘‘native intelligence,’’ formal 
education can not beget wisdom, nor is its possession 4 


monopoly of those who have had formal edueation; but . 


the educational process can be significant in its develop- 
ment. Experience with things and people enriehes wisdo. 
If the educating process achieves the objeetives of im- 
parting knowledge, and developing the arts, manners aud 
wisdom in a student, it may be accounted suceessful. 


To resume the main theme, it is my strong conviction 
that the establishment of a department of applied 
science in a university, designed to train students 
research, and to serve the various departments of s¢ 
ence, medicine and engineering, will find even great! 
opportunity for public service in the faet that it wil 
render the output of the various departments more 
significant not only as regards fundamental knowledg¢ 
but also in the application of such knowledge to sp* 
cifie problems. The specifie problems for the mos! 
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{will arise in industry and come into the university 
research projects in which the university and in- 


try participate, on a cooperative basis. Research 
increase fundamental knowledge and research to 


4 
elt, 7 pply that knowledge will thereby be enriched, the im- 
not beneficiaries being the university and indus- 


and through them, the public. Thus, the estab- 
;ment of a department of applied science in a uni- 
brsity, along the indicated lines, would, in relation 
) effort and expenditure, do more to vitalize and stim- 
late research, both fundamental and applied, than 
»y other comparable measure; and its output of well- 
nined graduates and postgraduates would make a 
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further major contribution towards increasing our 
total output of results at high levels of quality. 

I am not unaware that the picture I have tried to 
present of a department of applied science, with its 
laboratories of instrumentology, may remind some of 
you of certain passages in Revelations, describing 
visions of a great city of white marble, in which the 
streets are paved with gold. Should that be your im- 
pression, my comment is that without vision we shall 
make no progress; and if, perchance, we are granted 
vision, shall we not think in terms sufficiently inspiring 
to set a goal for which it will be worth our while to 
strive? 


OBITUARY 


WILLIAM HENRY HOWELL 
“the 1860-1945 


Tus death of Dr. William H. Howell on February 
1945, marks the passing of the first group of pro- 
cial Maggessional physiologists in the United States, and of 
ub- he galaxy of talent entrusted with the organization 
iol. (pf the departments of the Medical School of the Johns 
10: @opkins University prior to the opening of its doors 
a TM students of medicine in 1893. With his, death 
’ Bimerica has lost one of the leading figures in physio- 
pgical science. 

William Henry Howell, born in Baltimore on Feb- 

uary 20, 1860, was the son of George Henry and 

jirginia Magruder Howell. William Henry was edu- 
ated in the publie schools of Baltimore. In his 
|. Bpenior year at City College, as the Baltimpre high 

1 #pchool is designated, he left school to become assistant 

» Ho the professor of physics and chemistry. In the 

| Ball of 1878 he entered the Johns Hopkins University 
me's an undergraduate student in the chemical-biologi- 

al course to prepare himself for the study of medi- 
ine. Upon his graduation in 1881 he was awarded 
h graduate scholarship and because of this he matricu- 

Be ated in the graduate school as a candidate for the 
legree of doctor of philosophy, instead of following 
lis original intention to study medicine. However, 

Bile pursuing his graduate studies he took extra- 
nural courses in anatomy and attended clinics at the 
Medical School of the University of Maryland. He 
vas awarded the Ph.D. degree in 1884. 

s in 1885 he was made chief assistant in biology 
inder his teacher, Newell Martin. Subsequently he 
vas promoted to the grade of associate and, finally, 
‘ssociate professor of biology, in which capacity he 
sive the lectures in animal physiology in the under- 
sraduate courses. In 1889 he was appointed lecturer 
‘nd in 1890 professor of physiology in the University 
ot Michigan. In 1892 he accepted appointment as 
‘ssociate professor under Dr. H. P. Bowditch at the 


Harvard Medical School and in 1893 he became the 
first professor of physiology of the Medical School 
ef the Johns Hopkins University. 

For twelve years, from 1899 until 1911, he served 
as dean of the Medical School, succeeding Dr. Welch, 
the first dean. When the School of Hygiene and Pub- 
lic Health of the Johns Hopkins University was 
founded in 1918 he severed his connection with the 
Medical School to accept appointment as assistant 
director and professor of physiology in the School 
of Hygiene. Eight years later he succeeded Dr. 
Welch as director of that school. He retired in 1931, 
but was provided with a laboratory by the university 
and, with funds supplied first by a research founda- 
tion, and subsequently from the fluid research fund 
of the Medical School, he continued with research 
almost to the day of his death, though he knew he 
had arteriosclerosis and was having some heart at- 
tacks. At 5:00 a.m. on February 6th he was seized 
with a severe attack and died almost immediately. 
His mind retained its pristine clearness to the end. 

Throughout his career Dr. Howell’s prime interest 
was research, though he never allowed that interest 
to interfere with the meticulous performance of his 
duties as teacher and as administrator. He was deeply 
but, to all appearances, calmly absorbed im his research 
problems. The conduct of his researches seemed un- 
hurried, even when conversation indicated that inter- 
esting developments were imminent. Though research 
was the occupation that gave him his greatest. satis- 
factions, one gains the impression from statements he 
has made that it was for him at the same time a dis- 
cipline. Yet he never turned over any of the detail 
to others; he never at any time had a trained research 
assistant. Whatever turn a problem took, whether 
into physies, as when he was dealing with fibrin erys- 
tals, or into chemistry, as when cephalin and heparin 
were isolated, he acquired and carried through the 
necessary techniques. Even after his retirement he 
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declined offers of technical assistance. “I’d get along 
faster,” he is reported to have said, “if I got an expert 
organic chemist to work with me, but it is more fun to 
do it myself.” 

Howell’s scientifie publications include some eighty 
titles. Starting as a student of Newell Martin, it was 
but natural that his attention would be attracted to 
the fields that interested his teacher, namely, the physi- 
ology of the heart, of the circulation and of the blood. 
And so we find that Howell’s first papers deal with 
the heart beat and with certain aspects of the physiol- 
ogy of blood; indeed, coagulation of the blood and 
the physiological action of the salt content of the 
blood can be regarded as his major fields of research. 

One of his earliest contributions consisted in show- 
ing that serum albumin is not essential to the nourish- 
ment of the heart, as had been asserted by European 
physiologists, but that it was th- inorganie content 
of their perfusion solutions that aad maintained the 
beat of the heart. It was his interest in salt action 
that led to the demonstration by him of the possible 
significance of potassium as an inhibitor of the heart. 
Potassium is now known to be intimately connected 
with at least some of the acetylcholine mechanisms of 
impulse transmission. However, its exact role in that 
process remains to be determined. 

Howell’s name is conspicuously identified with the 
investigation of the process of blood coagulation; he 
is credited, among many other significant findings, 
with the isolation of some of the more important 
chemical factors that play a role in coagulation, such 
as cephalin and heparin. At the age of 77 he pub- 
lished a finding of the greatest interest, namely, that 
in extrauterine life blood platelets, a source of 
cephalin, are formed primarily in the lungs; and just 
prior to his death he was busily investigating a new 
blood coagulant. 

The position Dr. Howell oceupied in American 
physiology may be evaluated by the recognition ae- 
corded him by his colleagues. He was one of the 
twenty-eight charter members of the American Physio- 
logical Society and, excepting Hare and Jastrow, was 
the youngest vf the group. To him was accorded the 
honor of reading the first paper at the first meeting 
of the society. He was its third president and was 
younger by many years than were either of his prede- 
cessors at the time they served in that capacity. He 
was re-elected to the office five times. He was chosen 
by the American physiologists to be the president of 
the first and only International Physiological Congress 
to meet in the Americas. He was editor of the “Amer- 
ican Textbook of Physiology,” published in 1896, the 
first cooperative effort of the kind on this side of the 
water. He was a member of numerous national honor 
societies and an honorary member of several foreign 


skill was beyond his own. Glass-blower, instrumetf 
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societies. He was the possessor, also, of a nypp, 
of honorary degrees, including his M.D. degree, whi 
was given by the University of Michigan. 


One of Dr. Howell’s striking personal chorale 
isties was a mildness and cheerfulness of manne, | 
he held firm but carefully weighed convictions. The oon 
were never, however, obtruded on ¢asual Acqua 
tances. His strength of intellect, his wisdom, \j THE 


moral fiber gave him the peace of mind and the gy 
pathetic understanding of his fellow men that w 
so apparent to all who knew him well. He enjoy 
particularly the simple things in life—anusie, the oy 
of-doors and the comradeship of his family. He pg 


sessed a remarkable ability to express his thought; jqgmm TH 
conversation, in the classroom and before assemblage 
whether scientific or general, with a directness 


simplicity of verbiage that invariably charmed 


hearers. He will be remembered not only as an » an J 


complished and meticulous investigator} an inspiriy 
teacher and as an able and considerate administra” | 
but equally for his personal attributes—a calm, sinp 
philosophy of life and the ability to live in the lig) 
of that philosophy. : 


JOSEPH ERLANGER 
WASHINGTON UNIVERSITY, 
Sr. Louis 


EDWARD O. SPERLING 


In the closing words of many a scientific paper the 
will be found a heartfelt tribute to some skilful artisan 
heartfelt because the author knew that the artisai 


maker, optician, these craftsmen have all played the 
part in the advancement of science and indeed hav 
made many a brilliant research possible. 

Edward Sperling was a master craftsman in the al 
of blowing glass. Joining the staff of the Nation 
Bureau of Standards in 1907, he devoted his skill to 
the succeeding thirty-eight years to the construction 
equipment which would facilitate the bureau’s work 
Recognition of his ingenuity and masterly workma 
ship quickly spread beyond the confines of Washing 
ton. Seientists the country over asked for his hey 
in constructing equipment that was beyond the skill 
other men. Although his formal edueation did not a 
beyond that of the public schools, the Civil Servi 
Commission gave him in his later years a unique p' 
fessional status comparable with that of scientis 
holding doctorate degrees. He was in truth the deal 
of his profession in Washington. 

The last rites were said for Edward Sperling "HM 
May 14 in the presence of bureau scientists VOIR ., 
whom he had worked for years. The importance “HMM (, 
his contributions in helping others can hardly be v¢H jy 
emphasized. Laboratory after laboratory bea! " 
shining glass mute evidence of his skill. But theme ac 
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eau staff will cherish likewise those admirable 
lities of the man himself that so endeared him 
his friends. 

Lyman J. Briaas 
WasHINGTON, D. C. 


RECENT DEATHS 


Tue death, at forty-three years, is announced of Dr. 
bert H. Palmer, of the University of Toronto, for- 


THE TECTONIC MAP OF THE UNITED 
STATES 


A recTonic map of the United States was published 
November, 1944, and is now on sale by the Amer- 
an Association of Petroleum Geologists.‘ In simple 
rms a tectonie map is one that depicts by symbols 
nd patterns the geologie structure—that is, the lay 
f the rock strata, their folds and dislocations, and the 
sition of voleanoes, salt domes and many. other 
eatures. 
The map has been in great demand during the five 
ponths since its publication, which suggests that 
eologists have previously felt a need for one and for 
he new viewpoint which it gives them on many geo- 
pgie problems. Geologie maps which show the dis- 
ribution of rocks at the surface are readily available, 
md one of the United States was published by the 
ederal Geological Survey in 1933. Tectonic maps 
rhich show the strueture of these rocks, and of others 
nderground, have been made before. These were 
nostly of small areas, and if larger areas were dealt 
mith the maps were on a small seale. The present 
ectonic map, which measures about four by seven 
feet, is the first to show the geologie structure of a 
arge part of the North American continent in con- 
siderable detail and on a reasonably large scale. 

The tectonie map of the United States is the result 
of long planning and cooperative endeavor by Amer- 
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7 jean geologists and their organizations. It was com- 
> piled by the Committee on Tectonies of the National 
¥ Research Council. The map was conceived when the 
vi committee was first organized in 1922, but actual work 


on it was not started until 1934, when Professor C. R. 
Longwell, of Yale University, assumed chairmanship 
of the committee. As organized by Dr. Longwell, the 
committee was a representative group of American 
seologists, including members from all parts of the 
‘ountry, and from the Federal Geological Survey, the 
‘late surveys, the universities and the petroleum in- 
dustry,” The first compilation of copy was completed 
in 1940, and eorreeted copy was ready in 1941. War 


danities regarding purchase of the map should be 
¢ Tessed to the American Association of Petroleum 
“ologists, Box 979, Tulsa, Oklahoma. 

Members of the Committee on Tectonics are C. R. 
‘ngwell, chairman, P. B. King, vice-chairman, C. H. 
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merly of the department of agricultural biochemistry 
of the Pennsylvania State College. 


GeorGE T. SeaBuRY, since 1925 secretary of the 
American Society of Civil Engineers, died on May 25 
at the age of sixty-five years. 


Dr. FREDERICK WILLIAM SHaAw, professor of para- 
sitelogy at the Medical College of Virginia, Richmond, 
died on May 29 at the age of sixty-two years. 


SCIENTIFIC EVENTS 


conditions slowed the final editing, drafting and print- 
ing. The American Association of Petroleum Geolo- 
gists undertook to finance the publication and distri- 
bution, partly because of the great interest which the 
map holds for petroleum geologists and partly because 
other possible publishing organizations were engaged 
in wartime duties. 

The tectonic map is based in part upon published 
sourees and in part on material that had not hitherto 
been published. Among the published sources are the 
numerous maps issued by the Federal Geological Sur- 
vey. A large amount of unpublished material was 
furnished by petroleum geologists. On the map, the 
structure of the gently tilted rocks of the central in- 
terior region and the eastern and southern coastal 
plains is represented by structure contour lines. To 
a large extent these contours are derived from data 
obtained in the drilling of numerous wells put down 
in the search for oil and gas. This material was as- 
sembled with the aid of committees of the American 
Association of Petroleum Geologists and of the local 
societies of petroleum geologists. 

A tectonic map is of more than academic interest. 
Geologists searching for ore deposits and petroleum 
must strive to open up new productive provinces as 
well as to extend the old ones. Local surface indica- 
tions are by now thoroughly known, so that the ap- 
proach is increasingly through the more subtle study 
of broad regional indications and vonditions. Knowl- 
edge of the regional geologic structure is vital in such 
studies, and the teetonie map is a useful source for 
this information. Although the tectonic map was not 
conceived as either an economic. or a war project, the 
wide use which has already been made of it in ex- 
ploration for commodities needed in time of war is a 
source of satisfaction to all the members of the Com- 
mittee on Tectonies.—I «mip B. Kina.* 


Behre, Jr.. W. H. Bucher, Eugene Callaghan, D. F. 
Hewett, G. M. Kay, Mrs. E. B. Knopf, A. I. Levorsen, 
T. S. Lovering, G. R. Mansfield, W. H. Monroe, J. T. 
Pardee, R. D. Reed, G. W. Stose, W. T. Thom, Jr., A. C. 
Waters, E. D. Wilson and A. O. Woodford. 

3’ Geologist, Geological Survey, U. S. Department of In- 
terior; vice-chairman of the Committee on Tectonics, 
National Research Council. Published by permission of 
the director of the Geological Survey. 
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THE PERUVIAN INSTITUTE OF CHEMICAL _ wiil take place at Worcester, Mass., on June 9. Th 


ENGINEERS 

A MEETING of chemical engineers was held at the 
“Sociedad de Ingenieros del Pert” in September, 1944. 
At that meeting it was decided to constitute the Peru- 
vian Institute of Chemical Engineers. The next three 
months were dedicated to the study of the constitution 
that was to guide the destinies of the institute; using 
wherever possible the constitution of the American In- 
stitute of Chemical Engineers. 

Finally in December the first regular meeting was 
held. At that meeting the constitution was approved 
and it was decided that the institute should be known 
as Instituto Peruano de Ingenieros Quimicos. Officers 
were nominated for the 1945-1947 period as follows: 


President, Alfonso Montero. 

Vice-president, Carlos Diaz-Ufano. 

Secretary, Joaquin Vargas. 

Treasurer, Luis Macchiavello. 

Librarian, José Maria Cancino. 

Directors, Manuel Yabar and Juan Vicente Cabrerizo. 


The institute has already been incorporated under 
the laws of Peru, and also has beefi officially approved 
by the Peruvian Government. 

The objects of the institute are to promote friend- 
ship among members of the profession; to promote the 
application of chemical engineering principles in the 
national industry; to improve methods of teaching 
chemical engineering; to set forth rules to guide the 
acts of its members; and to maintain scientifie and 
cultural interchange with technical institations in for- 
eign countries. 

There are four different categories of membership: 
Active members are graduated chemical engineers 
from universities of recognized standing who have 
their degrees registered as established by the Peruvian 
laws. Pre-aetive members are those chemical engi- 
neers who have not yet officially received their degrees, 
but who have completed their period of learning; a 
member can not hold the pre-active membership over 
two years. Associate members are those individuals 
holding the degree of industrial engineer, highly spe- 
cialized in a chemical engineering field. Student mem- 
bers are the students of the fifth year in the “Escuela 
Nacional de Ingenieros.” 

At present there are only thirty-two members. 
Election for membership is not only for Peruvian 
citizens, but also for foreign chemical engineers hold- 
ing a degree from a university of recognized standing. 

Joaquin VARGAS, 
Secretary 


THE WORCESTER FOUNDATION FOR 
EXPERIMENTAL BIOLOGY 


THE dedication of the Shrewsbury Laboratories of 
the Woreester Foundation for Experimental Biology 
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ground on waich the institution stands, the byjlj;, 
and the equipment were purchased through fynj; ta 
tributed by the community of Worcester and Wop, 
ter County. | 


Dr. Harlow Shapley, director of the Harvarq Col 


lege Observatory, is president of the foundation. Th 
scientific work is under the direction of Dr, Huyjy, 
Hoagland and Dr. Gregory Pincus, who is directo; , 
the laboratories. Among the trustees are Dr, Roy § 
Hoskins, director of the Memorial Foundation fh 
Neuroendocrine Research of the Harvard Modi 
School; Dr. William J. Crozier, professor of geno 
physiology at Harvard University, and Dr. Wenig 
M. Stanley, member of the Rockefeller Institute fy 
Medical Research at Princeton, N. J. 

The foundation was incorporated in February, 194 
as a non-profit research and educational instituti, 
under the laws of the Commonwealth of Massaciy, 
setts. Its purpose is to make investigations at th 
discretion of its directors in the field of the biolog 
ical sciences and publish the results of these investi 
gations in scientifie and medical journals so that they 
become freely available to the public. 

Support of the foundation is provided for by grants 


from other philanthropic foundations, industry, gov. 


ernment agencies and private individuals. Fount 
tions which have contributed to the advancement ¢ 
the work of the laboratory since 1930 to the preset 
time include the National Research Couneil, the Rocke. 
feller Foundation, the National Academy of Science 
(Bache Fund), the American Academy of Arts ani 
Sciences (Permanent Science Fund), the America 
Philosophical Society (Penrose Fund), Child Neurol 
ogy Research, the Dazian Foundation for Medical 
Research, the Finney-Howell Cancer Research Fow:- 
dation, the Josiah Macy Jr. Foundation, the Appliel 


Research Foundation and the John Simon Gugges-| 


heim Memorial Foundation. Federal funds have bee 
given both for cancer studies and for investigatiow 
of fatigue of airplane pilots. Contributions from i: 


dustries in support of the fatigue investigations have § 


been made by the Parker Manufacturing Compa) 
and the L. Farber Company, both of Woreester, the 
American Optical Company of Southbridge, th 
Schering Corporation of Bloomfield, New Jersey, a" 
the G. D. Searle Company of Chicago, Illinois. Th 
Searle Company has made extensive grants in supp" 
of a variety of the foundation’s activities. Resear! 
work made possible by these industrial grants are p> 
lished and thus made freely available to the publie. 


THE SOUTHERN BRANCH OF THE TEXAS 
ACADEMY OF SCIENCE 


THE annual meeting of the Southern Branch of ‘le 


Texas Academy of Science was held at Corpus Christ § 
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B nior College on April 14, under the chairmanship 
¢ Dr. W. Armstrong Price, of Corpus Christi. Fifty- 
ive persons registered for the meeting. Twenty 
papers were presented, covering a wide variety of 
wientific subjects from astronomy to zoology. In 
addition to Dr. Price, those who were active in organ- 
Rising the meeting included Dr. Gordon Gunter, In- 
ditute of Marine Science, University of Texas, Rock- 
port, and Dr. J. C. Cross, Texas College of Arts and 
Industries, Kingsville, who worked with the follow- 
ing committee on local arrangements: Professor John 
5. Kelley, of the department of chemistry, and Pro- 
fessor §. S. Wilks, of the department of biology, both 
of Corpus Christi Junior College; and Professor B. E. 
Schulze, of the department of science of the Senior 
High School. 

he executive council of the academy was repre- 
sented at the meeting by Dean W. R. Woolrich, of the 
School of Engineering of the University of Texas, and 
past president of the academy. The principal address 
was given by Dr. E. J. Lund, of the university, who 
spoke on a proposed new “Institute of Marine Sci- 
ence” on the Texas Gulf Coast. 

The Program Committee was made up of Dr. J. C. 
Cross, chairman of the department of biology of the 
Texas College of Arts and Industries, Kingsville; Dr. 
W. Armstrong Price, of Corpus Christi; J. Sutton 
Myers, of the Soil Conservation Service, Raymond- 
ville; Mrs. L. Irby Davis, of the department of science, 
Senior High School, Harlingen; and Miss Velma 
Wilson, of the department of science, Junior College, 
Brownsville. 

Officers elected for the coming year are, President, 
Professor S. W. Bass, Texas College of Arts and 
Indust*ies, Kingsville; Vice-president, Professor J. 8. 
Kelley, Corpus Christi Junior College; Secretary- 
Treasurer, Dr. Otto R. Nielsen, dean of the faculty 
of the Texas College of Arts and Industries. 


THE VIRGINIA ACADEMY OF SCIENCE 


For the first time since its organization twenty-three 
years ago, the Virginia Academy of Science held this 
year on May 11 a “skeleton” meeting attended pri- 
marily by officers, members of the council, chairmen 
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of committees and sections, and those living close to 
the place of meeting, Richmond. In the morning, a 
joint meeting of the exeeutive committee of the Vir- 
ginia Social Science Association and council members 
of the academy was held to consider ways and means 
by which both organizations might work together for 
the welfare of the state. At the academy meeting in 
the afternoon, progress reports were made concerning 
the eighty active science clubs, the cooperation between 
the academy and the State Department of Education 
in eventually making it possible for pupils in the 
public-school system of Virginia to know more about 
local natural resources, the “machinery” set-up -o 
make an inventory of the research facilities in state 
institutions and industrial laboratories, the plan to 
enroll in the academy more scientists from industry, 
the proposed Virginia Research Institute, the scholar- 
ships set aside by all the colleges of Virginia as awards 
in a Science Talent Search on a state level, the investi- 
gative work on local flora, the James River Mono- 
graph, the proposed State Science Museum and the 
endowment fund which now amounts to approximately 
$14,000. A resolution was adopted favoring the “Sci- 
entific and Technological Manpower Bill,” H.R. 2827. 

Dr. Robert F. Smart, in retiring as president, 
pointed out how effectively members of the academy 
had contributed to the welfare of Virginia during the 
past year by cooperating fully with various agencies 
of the State and Federal governments, the State 
Chamber of Commerce, the American Association for 
the Advancement of Science, the National Science 
Talent Search directors and educational institutions. 
H. R. Hanmer, director of research for the American 
Tobaeeo Company, was installed as president for the 
coming year. The following officers were elected by 
ballot: Dr. Arthur Bevan, State Geologist, President- 
elect; Dr. E. C. L. Miller, directing librarian at the 
Medical College of Virginia, Seeretary-Treasurer; Dr. 
Sidney S. Negus, professor of chemistry at the Med- 
ical College of Virginia, Assistant Secretary; Dr. 
Gillie A. Larew, professor of mathematics, Randolph- 
Macon Woman’s College, and Dr. Pearl M. Patterson, 
professor of biology, Hollins College, as new members 
of the council. 


SCIENTIFIC NOTES AND NEWS 


Tur Huxley Medal for 1945 has been conferred on 
Dr. A. L, Kroeber, professor of anthropology at the 
University of California at Berkeley, by the Council 
of the Royal Anthropological Institute of Great 
Britain and Ireland. Dr. Kroeber will deliver a lee- 
ture before the institute some time in November. 


Tux Lister Medal for 1945, awarded in recognition 


of distinguished contributions to surgical science, has 
been presented to Professor Sir Howard W. Florey, 
F.R.S., of the University of Oxford, for his work on 
penicillin and its application. He will deliver the 
Lister Memorial Lecture, the date of which has not 
yet been announced. 


THE Patron’s Medal of the Royal Geographical 
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Society, London, has been awarded to Sir Halford J. 
Mackinder, who was for twenty-five years professor 
of geography at the University of London, in recog- 
nition of “his eminent contributions to geography, in- 
cluding the first aseent of Mount Kenya in 1899, and 
his long and distinguished service in the advancement 
of the seience.” 


Ir is reported in the Information Bulletin of the 
Embassy of the U.S.S.R. that the Presidium of the 
Supreme Soviet of the U.S.S.R. has conferred upon 
Professor Peter Kapitza, member of the Academy of 
Seiences, the title of Hero of Socialist Labor, for his 
researches into the turbine methods of producing oxy- 
gen in his design of a turbine for the large-scale pro- 
duction of liquid oxygen. Another decree awards the 
Order of the Red Banner of Labor to the Institute of 
Physieal Problems of the Academy of Sciences, of 
which Professor Kapitza is director. 


Ow the oceasion of the tenth annual Hughlings 
Jackson Memorial Lecture of the Montreal Neuro- 
logical Institute, delivered by Dr. Stanley Cobb, of 
the Harvard Medical School, a specially bound volume 
of the “Selected Writings of John Hughlings Jack- 
son,” edited by James Taylor, was presented to the 
lecturer. The subject of the lecture was “Neurocireu- 
jatory Asthenia.” 


Dr. JOSEPH ERLANGER, professor of physiology at 
the School of Medicine of Washington University, St. 
Louis, has been awarded the certificate of merit and 
medal for distinguished service of the St. Louis Med- 
ical Society in recognition of “his contributions to fun- 
damental knowledge of the cardiovascular and nervous 
system and to methods of physiological investigation, 
his exeellence as a teacher and his devotion to the fur- 
therance of medical research which have strengthened 
the hand and augmented the skill and discernment of 
present and future practitioners of medicine.” 


THE 1945 Eli Lilly and Company award in biolog- 
ical chemistry by the American Chemical Society to 
a chemist under thirty-five years was conferred on Dr. 


Max A. Lauffer, of the University of Pittsburgh. 


THE Borden Company prize of $1,000 for research 
in the chemistry of milk of the American Chemical 
Society for 1945 has been awarded to Dr. Ben H. 
Nicolet, of the Bureau of Dairy Industry, U. S. De- 
partment of Agriculture, Beltsville, Md. 


THe Philadelphia County Medical Society has con- 
ferred the 1944 annual Strittmatter award on Dr. J. 
Parsons Schaeffer, professor of anatomy at Jefferson 
Medical College. Dr. Schaeffer was the twenty-second 
recipient of the award, a gold medal and a scroll, 
presented in recognition of “his long and distinguished 
career as a teacher, author and scientist in the field of 
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anatomy, and his sincere and untiring devotioy and 
constructive efforts to safeguard high standards 
medical research.” 
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On the occasion of its seventy-fifth COMMencemens 
exercises on May 28, the Massachusetts State College 


from which he was graduated forty years ago, o,f’ 

ferred the honorary degree of doctor of science » Dr. | 
Profesor Richard L. Adams, of the department fie Un 
farm management of the University of California, jogical 
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Dr. Reep Veazey, of the Dow Chemicg§ 
Company, has been elected president of the Electr, 
chemical Society, Ine. 


from 
THE American Institute of Chemists, by mail ballo, 
has elected the following new councilors for thre es 
esea 


years with terms expiring in May, 1948: Dr. Norma 
A. Shepard, chemical director of the America pany 
Cyanamid Company, New York; Dr. W. D. Turner, ie 
assistant professor of chemical engineering at Colun. Mm DF. 
bia University, reelected, and Dr. James R. Withrow, HiMorator 
professor and chairman of the department of chemical HiResea 
engineering of the Ohio State University. of the 


At the annual meeting on May 1 of the Royal In. earch 
stitution, London, Lord Rayleigh was elected Presi.| vr 
dent ; Sir Robert Robertson, Treasurer, and Dr. A. 0, a 
Rankine, Secretary. 


ossil 
Orricers of the Chapter of Sigma Xi at Westen Bs 
Reserve University were elected on May 28 as follows: 
Dr. Helen A. Huncher, professor of home economics, 
President ; Dr. Harry Goldblatt, professor of experi- 
mental pathology and associate director of the Insti- 
tute of Pathology, Vice-president; Dr. Moffatt 6. 
Boyee, associate professor of mathematies, Secretary, 
and Dr. A. Sidney Harris, assistant professor of 
physiology, Treasurer. At this meeting Dr. Robley (. 1 
Williams, professor of physics and astronomy at the i" 
University of Michigan, gave an address entitled War 
“Three-Dimensional Electron Microscopy.” City 


Dr. Gustav A. L. Mextgutst, of the University of C1 
California at Los Angeles, has been appointed ass0- at | 
ciate professor at Washington University, St. Louis, Mj?" 
and a member of the horticultural staff of the Missouri J“! 
Botanical Garden. He will continue his breeding work T 
with carnations and delphiniums, representing an 2)p- to |] 


-preciable expansion in experimental horticulture 


the garden. The appointment becomes effective 00 ver 
October 1. The experimental culture of orchids frou @ 


seed carried out in the past few years by Dr. David 4 
C. Fairburn has necessitated the transfer of this ’ 
branch of work to the arboretum ranges at Gray Sun- . 
mit, Mo., where large-scale techniques are more i 
feasible. When Dr. Mehlquist takes up his work + 7 
the garden, Dr. Fairburn will become orchidologist i % 


charge of the more than 20,000 plants at Gray Summit. 
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Dr. WuiaM W. Perer, associate professor of pub- 
i. health and chief of sanitary inspection in the de- 
artment of health, Yale University School of Medi- 
a has become director of the training division of 
he Institute of Inter-American Affairs, Washington, 


p.C. 

Dr. C. M. CHILD, professor emeritus of zoology at 
the University of Chieago, now in the School of Bio- 
logical Sciences of Stanford University, has been in- 
ted to take part in the celebration of the two hun- 
red and twentieth anniversary of the Academy of 
sciences of the U.S.S.R. in Moscow and Leningrad 
from June 15 to 28, as guest of the academy. 


RayMonD EK. Brrew has been appointed director of 
esearch of the Harbison-Walker Refractories Com- 
@.ny, with whieh he has been associated since 1930, to 

succeed the late Fred A. Harvey. 


lum. Dr. A. C. THAYSEN, of the Chemical Research Lab- 
row, Mmmoratory of the Department of Scientific and Industrial 
\ical HResearch of Great Britain, has been appointed director 
of the newly established Colonial Microbiological Re- 
sarch Institute in Trinidad for the general study of 
nicrobiological problems under tropical conditions. 
Dr. Thaysen has left for Trinidad to discuss there the 
problems of the institute. It is hoped that it will be 
possible to afford facilities for postgraduate work by 
visiting men of seience in addition to the work of the 
staff. 


Dr. GEORGE CALINGAERT, director of chemical re- 
search of the Ethyl Corporation, is at the request of 
the U. S. Army Air Corps now in Europe vas an 


. operations analyst for the United States Strategic 
Bombing Survey. 


(, Tue resignation as of July 1 is announced of Dr. 
he Me larvin R. Thompson, president and director of the 
ed Mm Varner Institute of Therapeutic Research, New York 
City. 

of CLIFFORD E, JURGENSEN, formerly chief psychologist 
of the Kimberley-Clark Corporation, has been ap- 
pointed personnel director of the Minneapolis Gas 
Light Company. He took up this work on May 15. 


Tue National Research Council has made a grant 
- to Dr. Thurlo B. Thomas, of the laboratory of anat- 
' Bi owy of the Medical Branch at Galveston of the Uni- 
B ‘sity of Texas, for research on the action of alloxan. 


j Dr. ALEXANDER FLEMING, professor of bacteriology 
‘ at the University of London and the St. Mary’s Hos- 
BBP tal Medical School, arrived in New York City on 
; May 28, and left the following day for Washington. 
He plans to make a tour of hospitals and laboratories 
| in the United States. On May 29 he gave a lecture 

* penicillin before the staff and students of the Col- 
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lege of Physicians and Surgeons of Columbia Uni- 
versity. 


Dr. Wriii1AmM J. Rossins, director of the Nev York 
Botanical Garden, writes to Science: “I hae just 
received word that Professor Pierre Nobécourt, of the 
University of Grenoble, is in good health, that Gren- 
oble suffered only minor war damage and that the 
University and Technical School are both intact.” 


B. J. Brent, of Roche Organon, Ine., writes to 
ScrENcE that he has “received news that Professor 
Ernst Laquer is all right and is living in Amsterdam 
as before the Nazi invasion. This is the first authentic 
information received about him in approximately five 
years. Professor S. E. De Jong and Dr. J. Freud 


_ are also well in Amsterdam, Holland.” 


THE Kober Foundation lecture of the School of 
Medicine of Georgetown University was delivered on 
March 28 by Captain Lloyd R. Newhouser, M.C., on 
“The Role of Whole Blood Plasma and Plasma Fraec- 
tions in War Medicine.” Captain Newhouser was 
presented with an honorarium of $500 by Lawrence C. 
Gorman, 8.J., president of Georgetown University. 
The selection of a lecturer was made this year by the 
Association of Military Surgeons of the United States. 


At the May meeting sponsored jointly by the see- 
tions of the Electrochemical Society and of the Amer- 
ican Chemical Society at Midland, Mich., Dr. Colin G. 
Fink, of Columbia University, spoke on “The Electro- 
chemistry of the Rare Metals,” referring in particular 
to his own researches. 


Dr. R. Murty, Ross professor of physiology 
and director emeritus of the department of vital eco- 
nomics of the University of Rochester, delivered on 
May 16 the twenty-eighth Mellon Lecture of the So- 
ciety for Biological Research of the School of Medi- 
cine of the University of Pittsburgh. His subject was 
“The Biological Value of Proteins in Relation to the 
Essential Amino Acids.” 


SPEAKERS at the recent postgraduate session of the 
Army Air Foree Regional Hospital, San Antonio 
Aviation Cadet Center, included Dr. René DuBos, of 
the Rockefeller Institute; Dean Tinsley Harrison, of 
the Southwestern Medical College, Dallas; Dean 
Chauncey D. Leake, of the Medical Branch at Gal- 
veston of the University of Texas, and Lieutenant 
Colonel Roy G. Grinker. 


AN address on “X-ray Analysis: Past, Present and 
Future” was given before the Royal Institution on 
May 11 by Sir Lawrence Bragg, F.R.S. 


TuHeE American Society of Mechanical Engineers will 
hold an Aviation War Conference on June 11 to 14 at 
the University of California at Los Angeles. Speakers 
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in the four evening sessions will include well-known 
technical men in the aireraft industry. New aircraft 
techniques and a projection of post-war plans will 
be discussed in thirty-eight papers to be read af six- 
teen separate meetings. The conference is under the 
auspices of the Southern California Section of the 
society. Dr. Clarence A. Dykstra, provost of the Uni- 
versity of California at Los Angeles, will address the 
opening session on Monday evening, June 11. 


THE “Oliver Lodge Scholarship,” with a basic an- 
nual value of £250 and tenable for one year, has been 
founded to commemorate the twenty-fifth jubilee of 


DISCUSSION 


A NOTE ON DR. NOVIKOFF’S ARTICLE 


Havine myself been for a long time deeply inter- 
ested in the philosophy of organism and the theory 
of integrative levels in its application to the sciences, 
the appearance of Dr. Novikoff’s article in Science 
for March 2, 1945, during the few weeks when I hap- 
pen to be in the United States on my way back to 
Chungking, where I direct the Sino-British Science 
Cooperation Office, was for me a happy coincidence. 
It is a great pleasure to see this philosophy gaining 
ground, nearly twenty years after the pioneer work 
of J. H. Woodger, which found its expression in his 
“Biological Principles” (Kegan Paul, London, 1929). 

Once we adopt the general picture of the universe 
as a series of levels of organization and complexity, 
each level having unique properties of structure and 
behavior, which, though depending on the properties 
of the constituent elements, appear only when these 
are combined into the higher whole, we see that there 
are qualitatively different laws holding good at each 
level. The phenomena of a higher level can not be 
understood without knowledge of the behavior of its 
constituents at the lower levels. Exactly how much 
light the lower-level phenomena throw on the higher- 
level phenomena at each stage, however, will prob- 
ably long remain a matter involving differences of 
opinion. Thus Dr. Novikoff seems to take the view 
(p. 213) that the behavior of the lower animals, 
whether solitary or in primitive association (socie- 
ties?) has little relevance to the phenomena of human 
society, while Gerard, as well as Emerson,jon the con- 
trary, have argued that the lower animals have much 
to teach us about the higher human level. On this 
point I should be inclined to agree with Dr. Gerard, 
who is, I am sure, not likely to fall into what I have 
elsewhere called “the heresy of biologism” (“Time, 
the Refreshing River,’ Macmillan, 1944), the fascist 
doctrine that unending internecine strife is as much 
the law of human society as it is of the wild forms 
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the radio section of the British Institution os Bley. merit 
trical Engineers. own 


Ir is reported in The Times, London, that the hie 
versity of Bristol, which already has chairs of ime" 
chanical, civil and electrical engineering, will establiy pad 
a department of aeronautics in the faeulty of engi 5 ac 
neering. This development is made possible by q ei ive 
of £60,000 by the Bristol Aeroplane Company for jam" 
establishment of the Sir George White Chair of Aey. peel 
nautical Engineering, named in memory of the foy, W 


der and first chairman of the company, who was oye 
of the pioneers of British aviation. hese 


hey 


of animal life. It would be a pity if, in the interes; 
of maintaining the uniqueness of the human SOeiolog. 
ical level, we were to return to an almost ecelesiastic| 
separation of man from the rest of the living world, 
without the consolation of an angelie world with 
which he might ally himself. This would hardly 
in accord with the idea of scientific socialism. 
Novikoff also takes Gerard to task for speakin fm” 
of a “mysteriously operating ‘organizing trend’” in eve 
the universe. Mysterious it may still be to us, as it 
was to Anaximander or to Lucretius, but it is u- 
doubtedly there. For me it has never been possibk mmm" 
to describe it otherwise than as an overall continuow fim 
rise in level of organization through cosmic, biology HR - 
ieal and social evolution. Perhaps Dr. Novikoff feanJ 
that a belief in this trend might lead to inaction n 
the social field. The United N ‘tions, he says, do not 
rely on any evolutionary fatalism, but rather on armed 
might, actively applied, to defeat fascism and keep 
humanity on the road of progress. I have always fel 
that a helpful reflection here is that, although the gen- 
eral direction of process is known, the speed at whieh 
it goes on is not known, and depends directly on th 
activities of each one of us, thinking willing monats 


si] 


are 
divi 


of the highest level. If a thousand years of huma iy '*\' 


suffering more or less depend upon our actions her 
and now, we need hardly fear succumbing to fatalisn 
when we recognize a universal trend in the worl 
process. 

I would like to add once again my appreciation 
Dr. Novikoff’s stimulating contribution to the discus Hm 
sion of this fundamental subject. yee 

JOSEPH NEEDHAM 

BRITISH SCIENTIFIC Mission, CHUNGKING 


EXTRAPOLATION FROM THE BIOLOGICA! 
TO THE SOCIAL 12 


In his article in Science, Novikoff cuts a wit 
1 Alex B. Novikoff, SclENCE, 101: 2618, 209-215, 1%. 
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vitieal swath, and we are among the frail straws cut 
own, His argument starts much on the same premises 
; ours, and ends by agreeing with many of our con- 
jusions, but he finds our intervening course badly 


)uddled and rather reprehensible. Gerard, especially, 
abl -aceused of teleological and fatalistic views likely to 
6 e comfort to faseists and to sluggards. This is a 
af B vel experience to one often called a positivist and a 
Aero, nechanist. 
fou We are grateful to Novikoff for bringing attention 


» our papers” and urge interested readers to refer to 
hese more extended statements (and to Allee*), if 
ney would discover what the shooting is about. Novi- 
ff raises several valid queries. Mostly his answers 
ud ours are in agreement ; sometimes his criticisms are 
based on a misunderstanding of our position and occa- 
ionally are inconsistent with his own statements; and, 
finally, one or two real differences exist between us. 


ate Novikoff emphasizes that: the part-whole relation- 
“ ship is reciprocal ; atomism on the one hand and holism 

wid mn the other are but parts of the truth; a new level of 
ly b ganization is attained by some integration of the 


simpler units but not by their mere summation; dif- 
aking ferent mechanisms of interaction operate at different 
1»: Mamlevels with unique laws, but that common attributes 
| are encountered at the different levels (integration, in- 


as i 
epuviduality, evolutionary continuum, ontogeny, inheri- 
ssible ME tnce). We have been as emphatic on these points, 


yet Novikoff writes as if he were refuting us. Gerard,‘ 
Novikoff, has emphasized the. integral aspect of 
feax neural activity. Novikoff writes, “There is both con- 
n ine nuity and discontinuity in the evolution of the uni- 
) not Me verse; and consideration of one to the exclusion of the 
rmed fmm cther acts to retard the development of biological and 
keep fmm social sciences”; but then stresses the uniqueness of 
. fet Hm cach level and upbraids us for emphasizing some simi- 
ger me arities. Yet we have also dwelt upon distinctions, and 
hich HM Le has recognized resemblances, both in attributes and 
the MB causitive forces. But here is a real difference at last, 
nads fe tor Novikoff seems, at the psychological-sociological 
mat fame evel, to isolate completely everything human from the 
here fm “est Of nature and strenuously objects to our failure 
lism to do so. 
orld We have argued that, since societies are living sys- 
lems, they obey those most general laws which apply 
| of MM all living systems. This says, for example, that 
us fim Social evolution and biological evolution are both sub- 
ject to any statements applicable to “evolution,” not 
: that the two subclasses are identical. To recognize 
that growth of an individual, increase of a population, 


AL * Especially: R. Redfield (editor), ‘‘ Biological Sym- 
ogi 1942; R. W. Gerard, Philos. of Science, 9: 92- 

ide ©. Allee, ScteNcE, 97: 517-525, 1943. 

‘R. W. Gerard, Ohio Jour. Sci., 41: 160-172, 1941. 
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gene duplication and even, probably, learning are all 
subsumed under the concept of autocatalysis does not 
imply that the same detailed mechanism is involved in 
all cases. 

The emergence of symbolic communication as a fac- 
tor in evolution is no more dramatic than is the emer- 
gence of the rapid nerve impulse. It hardly justifies 
Novikoff’s statement that “Progress in social develop- 
ment is basically different from progress in organic 
evolution. . . . Progress in organie evolution occurs 
without a set plan or direction; social progress rests 
upon planned activity of men.” Has not, in faet, bio- 
logical evolution exhibited a single direction, towards 
greater complexity and integration, as have inorganic 
and social evolution as well? Has a lion stalking his 
prey no “plan” and is his behavior without influence 
on organic evolution? Conversely, has social evolu- 
tion been rationally planned over much of history; is 
if so even now to any great extent? Has natural 
selection played no role in shaping the appearance of 
human cooperation, which furthers man’s adaptation 
in meeting such biological needs as nutrition, defense, 
reproduction and environmental control? Are we to 
be dubbed mysties for asking, concerning the human 
mind which makes man’s integrated societies possible, 
how it came to be evolved—instead of asking only how 
it evolved? 

The human mind, or eye, is understandable in terms 
of its function, as well as of its mechanism. Man can 
make sense of its appearance in nature, in each ease, 
by noting what it does or, in evolutionary terms, what 
its adaptive significance is, how it aids its possessor. 
This is certainly teleological or “purposive” in a nat- 
uralistic sense. But it does not imply a “divine pur- 
pose in nature.” And it in no way interferes with, but 
rather helps to raise, the mechanistic question—“How 
does this thing work, or develop?” The physiologist 
frequently thinks in terms of what would be useful 
to the body, of what job a mechanism might do, and 
so gets cues for his experimental search. Aquatic 
mammals could use special devices to enable them to 
remain long submerged; such were sought. The para- 
thyroid hormone raises blood calcium, teleology sug- 
gests low blood calcium as an effective stimulus to 
parathyroid secretion. The basis of physiological 
regulation—a disturbance in equilibrium engenders a 
response tending to counteract that disturbance—is 
purposive in its effects, as is indeed the very concept 
of regulation. Mechanism and purpose are merely 
looking at sets of events from the two directions of 
the time axis. Looking backwards reveals mechanism; 
looking forwards, utility or purpose. Both are useful 
and supplement one another. Neither is to be fully 
understood without a knowledge of its development 
and evolution. Both imply uniformity (or period- 
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icity) and usefulness (or adaptation) in nature. Pur- 
pose, as we have used it, does not imply a sentient 
purposer. 

Novikoff would reserve purpose to man, as a con- 
scious volition, and so set him apart. . Seeing purpose 
elsewhere, he says, is an anthropomorphism. And so 
it is, if conceived as conscious volition based upon 
symbolic learning. Indeed, so is seeing causation, re- 
lated to man’s feeling of volition in himself. Alas, 
so is everything man thinks, for he ean think only as 
man. But if man’s mind is itself a natural phe- 
nomenon, this is not too disheartening. For we see the 
mind evolving as part of the whole epic of evolution, 
and to be explained causally in terms of the body and 
its environment, just as life earlier evolved from the 
inanimate and is still tied to the laws of matter. To 
recognize that the known universe trends toward 
greater complexity is not to say that some intelligence 
has this as a deliberate purpose; and it is nonsense 
to state that such recognition leads to social inaction. 
(See Needhara’s accompanying note.) Our position 
seems to us far less mystical and more intellectually 
frank than to offer reason and purpose, as Novikoff 
does, as epiphenomena somehow uniquely acquired by 
man independently of any biological causation or evo- 
lutionary trend. 

Novikoff quotes Emerson’s statement that “the evo- 
lution of human social and ethical characteristics is 
governed by the same forces which have been directing 
organismic evolution through the ages,” and then states 
that these “forces” are social in the human ease, bio- 
logieal (mutation, ete.) in the other. But ethical sys- 
tems help to integrate human society, as genetic sys- 
tems do organisms, so that both have at least certain 
similarities of funetion. Further, both systems vary; 
favorable variations in either survive in relation to 
their funetion; and these variations are often in- 
herited. Both systems thus evolve similarly under 
similar pressures; and these similarities are not 
“purely formal and therefore meaningless.” Purely 
formal similarities are often very meaningful; on just 
such a basis, for example, the effect of myelin inter- 
nodes in accelerating nerve conduction was predicted 
by Lille from the behavior of an iron wire in an inter- 
rupted glass tube in nitric acid. 

Biological evolution, on a genetic base, is indeed 
very different from social evolution based on trans- 
mitted symbols; but fundamental similarities might 
still allow some general predictions. The natural 
selection of whole integrated systems, for example, has 
led to an evolutionary inerease ix. specialization and 
integration (cooperation) of the units composing indi- 
viduals and superindividuals, both at the biological 
and the social levels. (And including the tapeworm, 
contra Novikoff.) Is it an unsound extrapolation to 


SCIENCE 


VOL. 101, No, ut JUNI 
expect human social systems also to evolye 
greater cooperation? If two systems have bot), lik “the 
nesses and differences, it is no argument againg 4, havi 
likenesses to point out the differences. Novikof level 


agreeing that “society will develop eventually 
high level of cooperation,” still evidently thinks tha 
the causes of similar evolutionary trends in sovigj 
and biological systems® have no basic identity, 
True homologies (genetic similarities) are not to, 
expected between two different levels, as intracellylay 
organelle and multicellular organ, or body organ and 
social institution. But analogies (functional similay, 
ties without genetic identity) may well exist, and ay 
not all merely chance resemblances or euphoniog 
metaphors. Convergent evolution of analogous fiyy. 
tions between different organismic levels is well esta), 
lished, and inquiry into their origins and causes, fall disti 
from being extrascientific, leads, for example, (Band 
clearer formulation of evolutionary pressures as off yeca 
how the environment operates through natural sele. Revol 
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tion. that 
We have also expressly recognized the dangers inl soci 
analogical reasoning based on spurious or superficial iy 


resemblances in the presence of basic difference MM ticul 
Especially with phenomena in widely separated ficliMMat ¢ 
of knowledge, the scholar in one may go astray in thi qual 
other. Also, rationalization from personal bias haf fact 
often occurred. Spencer certainly committed gros Mi inan 
errors in detail, and it would be surprising if we dois c 
not. The less similar two systems, the more difficul MB ciali 
is it to detect true resemblances; but, when these aii (int 
discovered, the more important is the resulting insight 
likely to be. Nor is it of light importance that the 
tremendous accretion of physiological, zoological and r 
sociological knowledge since Spencer’s time permits 
more precise comparisons which dramatically substat- 
tiate earlier generalizations. 

Which brings us, finally, to a genuine philosophical MM [: 
difference. We maintain that at each superposed level 
of integration new unexpected properties emerge, bil 
that the new properties must be commensurate with 
the old; must fit in their general ramework, not vit- 
late it. Novikoff disagrees with, shall we say, entht- 


5 As we have used the terms, biological and societal, the 
impression might be given that they are parallel calt 
gories. There is a change in level from the so-called s0li 
tary individual to the social group, alike in insect au 
human. In both eases, a specialized society has developél 
from more primitive groups, of sex, family and othe! 
aggregations. The social level is one of the most evolved 
sublevels of living systems in the same sense as the bit 
logical level is of material systems. To restrict the te™ 
‘*social’’ to human groups, depending on symbolic inte 
change, and separate it sharply from ‘‘biological,’’ whit! 
encompasses insect groups, is an arbitrary semantic (¢ 
cision on Novikoff ’s part. 

6R. Hofstadter, ‘‘Special Darwinism in Americal 
Thought, 1860-1915,’’ 191 pp. Philadelphia: University 
of Pennsylvania Press. 1944, 
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gjasm, When he condemns, as a support for fascism, 
“the thesis that man’s biology decides his social be- 
havior.” In his view, the laws and behavior of higher 
jevel systems are by their nature unpredictable from 
those of their lower level constituent systems, and pre- 
sumably the reverse; in our view, they are not of 
necessity unpredictable. Emergent attributes are diffi- 
elt to predict, to be sure, because man yet knows 
little; but every significant scientific experiment is an 
act of faith or confidence in the ultimate understand- 


f bility and predictability of nature. And this is not 


atomism, for it works both ways—the brain could 


yever be fully understood without knowing mind, nor 


the mind without knowing brain. Where Novikoff 
would say that man’s affairs are sharply separable into 
the sociological or the biological and that blurring the 
distinction is dangerous, we say they are part of each 
and that blurring the similarity is also dangerous. We 
recall that Darwin’s elue for the concept of biological 
evolution came from sociological considerations and 
that his concept was, in turn, the stimulus to fruitful 
sociclogical thought. 

Fortunately for our main theme, whether the par- 
ticular mechanisms of evolution are alike or different 


Bat cellular, organismic or societal levels, comparable 


qualities repeatedly emerge. It remains true that the 
fact of evolution applies to all the universe we know— 
inanimate, living, thinking—and that its overall trend 
is consistently towards greater differentiation by spe- 
dalization of units combined with greater integration 
(interaction or cooperation) of units in the whole. 


R. W. GERARD 
ALFRED E. EMERSON 
THE UNIVERSITY OF CHICAGO 


THE COLORATION GIVEN BY VITAMIN A 
AND OTHER POLYENES ON ACID EARTHS 
In one of the recent issues of Scrence, A. Lowman! 
reported on the blue coloration which appears if vita- 
nin A, which is dissolved in a non-polar solvent, is 
brought into contact with the commercial adsorbent, 


Super Filtrol. His observations were confirmed by 
H. R. Kreider.? 


| Evidently beeause of the prevailing difficulties in 


obtaining foreign literature, neither of the authors 
mentioned seems to be aware of the fact that this 
interesting reaetion has been observed and_inter- 
preted by P. Meunier* three years ago. According to 
Meunier’s explanation, some acid earths which possess 
meomplete electronic octets are able to give rise to 
an intensely blue color when they are in contact with 
Mtamin A whieh is dissolved in a non-polar solvent; 
'A. Lowman, SCIENCE, 101: 183, 1945. 


2H. R. Kreider, ibid., 101: 377, 1945. 


Comptes rendus de l’Acad. Frang., 215: 
. 
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by donating unshared electrons to such adsorbents, — 


the vitamin molecule undergoes polarization and 
forms positively charged, strongly resonating struc- 
tures. A few very debatable points in Meunier’s 
interpretations shall not be diseussed here; for ex- 
ample, the alleged restriction of the resonating system 
to twice four double bonds in the B-carotene molecule. 

The Carr-Price reaction and some color tests given 
by sterols have also been treated by Meunier and his 
collaborators.* 

Of course, the coluration on acid earths can not be 
expected to be specific for vitamin A. In fact, caro- 
tenoids were mentioned by Meunier and the reaction 
was observed by Lowman to be given by carotene. 

A similar coloration is also shown by a new polyene, 
now under investigation, which is widespread in 
plants, shows intense fluorescence in ultraviolet light 
and was recently reported in collaboration with A. 
Polgar.’ We find that if a highly purified, colorless 
petroleum ether solution of e.g. 0.01 mg of this com- 
pound is placed in contact with filtrols, the solid phase 
turns azure blue. The formation of this color is 
irreversible in the sense that an alcohol or acetone 
eluate, after transfer into petroleum ether, does not 
show the typical extinction maxima of the starting 
material (331, 348, 367 mu) as represented in a pub- 
lished curve.® 

A deep coloration on acid earths, e.g., on puri- 
fied Super Filtrol can also be obtained with a 
benzene solution of diphenyloctatetraene, C,H;(CH 
=CH),-C,H,;, under suitable conditions. 

L. ZECHMEISTER 
A. SANDOVAL 
GATES AND CRELLIN LABORATORIES OF CHEMISTRY, 
CALIFORNIA INSTITUTE OF TECHNOLUGY 


ANAEROBIC RESPIRATION VS. FER- 
MENTATION 

THE terms fermentation and anaerobic respiration 
have justifiably been put under the microscope in two 
recent discussions in SCIENCE. 

Seifriz' objects to the use of the term fermentation 
for anaerobic respiration when the reactions involved 
are substitutes for energy-yielding anaerobic processes 
necessary for life. 

The criticism seems a valid one, for the word fer- 
mentation as used historically by Pasteur. et al. and, 
as used currently, does not denote the part which 
oxygen may or may not play in the reactions. In the 
literature, reference is repeatedly made to “aleoholic 
fermentation” and “acetic acid fermentation.” The 


4 P. Meunier, R. Dulou and A. Vinet, Compt. rend., 216: 
907, 1943; P. Meunier, R. Dulou and A. Vinet, Bull. soc. 
chim. biol., 25: 371, 1943; P. Meunier and Y. Raoul, ibid., 
25: 173, 1943. 

5L. Zechmeister and A. Polgér, SciENCE, 100: 317, 
1944, 

1 William Seifriz, Scrence, 101: 88-89, 1945. 
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former oceurs in the absence of oxygen and in the lat- 
ter oxygen is involved. Hence, the term does not dif- 
terentiate the intimate role of oxygen.. 

Goddard,” on the other hand, believes we would do 
well to retain the word fermentation for reactions 
involving the degradation of an organic molecule into 
two or more simpler moleeules by an oxidation and 
reduction occurring within the original molecule or its 
products. He points out that, if the term anaerobic 
respiration is used according to its usual meaning 
(i.e., in the absence of oxygen), in many types of 
tissues, é.g., some tumors, contracting muscles, cer- 
tain yeasts and some seeds, carbohydrate degrada- 
tion oceurs without the intervention of oxygen, even 
though oxygen may be present. 

Hence, the word anaerobic respiration, like the word 
fermentation, in itself does not give an accurate pic- 
ture of the actual type of respiration prevailing. 
Therefore, these two words which seem to be com- 
peting in scientific usage both fail because of the same 
ills. 

In my opinion, the opposing views can be resolved 
into satisfactory agreement which will banish confu- 
sion in the minds of students of biochemistry and 
others, and we ean still retain the word anaerobic 
respiration in popular usage as it is at present. We 
need simply to qualify the term to mean the state of 
respiration or the release of energy from a substrate 


VOL. 101, No, 2639 


in the cell, in which oxygen is not one of the reactants 
whether or not it is present. Therefore, anaero};, 
respiration may prevail either in the presence oy 4}, 
sence of oxygen, but in either case oxygen is yo} the 
hydrogen acceptor. 

Aerobie respiration on the other hand refers to th, 
active participation of oxygen in the energy-yielding 


GEORGE T. 


DEPARTMENT OF ZOOLOGY, 
OBERLIN COLLEGE 


PLEA FOR PUBLICATIONS 

WE, in Belgium, have been deprived of America, 
publications since the beginning of the war; accord. 
ingly, we have not been able to refer to publishe 
works in which we should be particularly interested 
At the suggestion of my friend and former coworker 
at this institute, Major R. Roseman, Sn.C., of the 
American Army, I am addressing an earnest plea to 
the readers of Scrence for any available reprints on 
the following subjects: proteins, bilirubin, clinical and 
experimental studies on burns and penicillin. Any in. 
formation whatever furnished along these lines would 
be greatly appreciated. 

INSTITUT DE CLINIQUE ET DE POLICLINIQUE 

MEDICALES HOPITAL DE BAVIERE, 


UNIVERSITE DE LIEGE, 
BELGIUM 


SCIENTIFIC BOOKS 


COMMERCIAL ANALYSIS 
Commercial Methods of Analysis, By Foster DEE 

SNELL and Frank M. Birren. vii+753 pp. Illus- 

trated. 13.5x21 em. New York: McGraw-Hill! 

Book Company, Ine. 1944. $6.00. 

THE authors’ state in the preface that this book is 
for the student who has already become familiar with 
the tools of quantitative analysis and the routine 
methods, and who desires further training in this 
field by a study of commercial methods and may serve 
as a manual to the industrial analyst. The first eighty 
pages are devoted to elementary subject-matter such 
as a description of the tools of the analyst; beakers, 
flasks, burettes and filter paper, and a discussion of 
such general operations as drying, weighing and ex- 
traction. Thirty pages deal with inorganic qualita- 
tive miero analysis. 

The balance of the text is given over to procedures 
for the quantitative analysis of many industrial ma- 
terials, including minerals, water, cement, ferrous, 
aluminum, and copper-base alloys, fats, soap, greases, 
solvents, paint, rubber, coal, gas, paper, sugar and 

2 David R. Goddard, ScieNncx, 101: 352-353, 1945. 


some others. Little theory is presented; hence, the 
book, if it has any pedagogical value, will be mor 
useful in the training of chemical analysts than i 
the education of analytical chemists. Standard metl- 
ods are drawn from those published by the Americar 


Society for Testing Materials, the Association of ti § 


cial Agrieultural Chemists and others. Frequetl 
deviation from official and recommended procedutts 
are given, but seldom are these departures indicated 
as such. 

The value of this book as a reference work is greall) 
lessened by the almost complete absence ef literati 
citations. The reviewer could locate no more thi 
eighteen specific citations in footnotes together wil 
a few general references within the text of the book 


In spite of these faults, this book will propel) 


find its place on the shelves of technical libraries a 


on the desks of many chemical analysts. It will se" 


as a point of departure when the latter are called up 
to perform analyses which fall outside the roulilt 
of their day-by-day experience. 
Cuester M. 
Boston UNIVERSITY 
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SYNTHETIC RUBBER 


hie HESynthetic Rubber from Alcohol. A survey based on 
ah. ‘the Russian literature by Anselm Talalay and 
the Michel Magat. 298 pp. New York, N. Y.: Inter- 
Publishers. 1945. $5.00. 
the Tue first part of this book is a description of the 
ling HN pbedev process which has been developed and used in 
Ryssia for the manufacture of butadiene from ethyl 
eohol. In contradistinction with the multi-stage Car- 
ide and Carbon process utilized in this country, the 
iebedey process is a one-step catalytic process tech- 
logically simpler but yielding a large variety of by- 
products which have to be separated from butadiene 
fore polymerization. Technical data on the rectifi- 
ation of the unconverted ethyl alcohol, on the absorp- 
ion, desorption and distillation of the crude butadiene, 
ker MM the separation and utilization of the by-products 
the sgiven with some details in Chapters I and II. 
tM The second part of the book is a well-integrated 
tM xposé of the present theories of polymerization phe- 
ani onena and of physicochemical measurements of 
‘i Myer properties. The authors very wisely did not 
themselves to the sodium polycondensation of 
utadiene, which is, according to the literature, the 
nly process used by the Russians in the manufacture 
synthetic rubber from butadiene; they present one 
{ the best general treatments of the various polymeri- 
ation techniques. to be found in the literature. They 
have classified the abundant physicochemical data of 
he Russian investigators and frequently interpreted 
hem in the light of reeent theoretical concepts. They 
have also compared, when data were available, phys- 
cal characteristics of sodium polybutadienes with that 
femulsion polybutadienes and natural rubbers. 
 |fthe sole purpose of the authors was to make avail- 
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able, in a comprehensive form, the abundant litera- 
ture published in Russia on the subject, they -have 
fully sueceeded in their task. As such, the book will 
be found very helpful to those interested in the field 
of pulymerization. 

From a general point of view this book is a war 
casualty of censorship and withholding of informa- 
tion. Examination of the bibliography shows how 
very little information has been published in Russian 
journals since 1936. It is the feeling of the reader 
that for one reason or another much pertinent scien- 
tific information has been omitted, thus rendering the 
treatment sometimes incomplete and occasionally sei- 
entifically meaningless. As a flagrant example, cata- 
lysts used in the Lebedev process are identified as a 
mixture of catalysts A and B with ¢ and d as pro- 
moters. There is no indication as to what is the spe- 
cifie identity of catalysts A, B, ¢ and d; whether the 
catalyst mixtures were identified by A, B, ¢, d in the 
Russian literature is not clarified, surprisingly enough 
considering how much other detailed information is 
given. The yield of butadiene, the nature of the by- 
products, the actual operational conditions are an inti- 
mate function of the specific nature of the catalysts 
used. Many graphs, tables and considerations in 
Chapter I lose most of their meaning, since they are 
not related to specific catalysts. The publishers must 
undoubtedly realize that the withholding of such in- 
formation markedly decreases the value and therefore 
the saleability of the book. 

To summarize, the quality of the book is uneven; 
Chapter IIT on polymerizations is by far the best; the 
book as a whole is an excellent survey of the Russian 
literature on the subject. G. G. Joris 


PRINCETON, N, J. 


"I SPECIAL ARTICLES 


isa THE MECHANISM OF THE VIRUCIDAL 
ted ACTION OF ASCORBIC ACID! 


Tue virucidal activity of ascorbic acid has been 
against vaccina virus? and poliomyelitis.® 
ure inight and Miller* have recently demonstrated the 
ad irueidal activity of this compound against influenza 
it virus. We have confirmed the virucidal action of 
i MMPscorbic acid against influenza A virus and will report 
ty ur results indicating the mechanism of action of this 

Barron, DeMeio and Klemperer® have shown that 
_ ' This investigation has been aided by a grant from the 
Macy Jr, Foundation. 

I. J. Kligler and H. Bernkopf, Nature, 139: 965, 1937. 


Jungeblut, Jour. Exp. Med., 62: 517, 1935. 

- A. Knight and W. M. Stanley, Jour. Exp. Mea. 
8. Barron, R. H. DeMeio and F. Klemperer, 
our, Biol, Chem., 112: 625, 1936. 


the oxidation of ascorbic acid in air is catalyzed by 
Cu and they postulated that H,O, is formed during 
the reaction. In the presence of 0.0002 mM of CuCl., 
pH 6.95, the half oxidation of ascorbie acid occurred 
in 10.3 minutes. These workers did not demonstrate 
the actual presence of H,O., which they indicated was 
difficult because of its rapid decomposition into water 
and oxygen. Lyman, Schultze and King® have re- 
ported that their qualitative tests indicated the pres- 
ence of H,O, during the Cu catalyzed oxidation of 
ascorbic acid in air. 

If H,O, is the active virucidal agent, then catalase, 
which acts specifically upon H,O,, should completely 
abolish the utivity of ascorbic acid. It should also be 
possible tc show that H,O, itself, in concentrations 


6C. H. Lyman, M. O. Schultze and ©. 8. King, Jour. 
Biol. Chem., 118: 757, 1937. 
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approximating that theoretically produced by the oxi- 
dation of aseorbie acid at pH 7, inactivates influenza 
A virus. 


MATERIALS AND METHODS 


Ascorbic acid: l-ascorbie acid (Eastman) was 
freshly prepared before each titration. Solutions 


TABLE 1 
THe VIRUCIDAL ACTION OF ASCORBIC ACID UPON INFLUENZA A VIRUS AND ITS NEUTRALIZATION BY CATALASE 


VOL. 101, No, 


into mice. The mice were observed for 10 day, , 
the presence of virus reported as indicated yj 
Methods. A 0.05 M solution of ascorbic acid is qy 
to the minimal virucidal concentration since it cayy 
only partial inactivation of a test solution contain) 
100 MLD of virus with complete inactivation ogg 
ring only in a solution containing 10 MLD (Tabjey 


Neutralization by 
Action of Ascorbic Acid Catalase 


Virus Control 


Catalase Catalase and Catalase 


acid, 1 ml of influ- virus of 100 MLD 


1 ml of 0.05M ascorbic 1 ml of influenza A 1 ml influenza A 0.5 ml cata- 1 ml catalase 1 mi Virus ] 
virus 100 MLD lase (1:10). 1:10 MLD 
enza A_ virus, 100 is) and 10 MLD (A) and 


(1:10). 
10 2 ml buffered 1 ml 0.05M as- 1 ml catal 
saline. 1:1 


MLD (By 0.5 l tal grea 05. 405 
m catalase m uffe sa- m 5 
0.5 ml buffered saline (1:10). line. 
1 ml 0,05M ascorbic The 
acid. ge 
A. (100 MLD of virus) idatio 
Dz, Dio, 3 +, 3+, 2+, 24, xima 
1+, 1+, 0,0 De, De, D1, Ds, Ds 0, :0, :0, 0, 0, 0, 0 Dz, Dz, Dz, Dy 
B. (10 MLD of virus) i H, 
0, 0, 0, 0, 0, 0, 0, 0 Dy, Dr, D:, Dz, Ds, Ds, Dz, Dz, Ds, Ds, 3+ ‘ t 
+ he act. 
Substituting 0.1% H2O2 by ther 
for 0.05M ascorbic 
«6, 0, 0, 0, 0 D:, Dz, Dz, Ds, Ds 7 


were adjusted to pH 7 and diluted in M/10 phosphate 
buffer. 

Hydrogen peroxide: Merck, Superoxol (30 per cent. 
H,0,) diluted in M/10 phosphate buffer. 

Catalase: Blood (rabbit) catalase, water clear’ was 
kindly supplied by Dr. M. G. Sevag of this depart- 
ment. 

Virus: The PR8 strain of influenza A virus was 
grown in the allantoic cavity of 10-day-old chick 
embryos. The test virus consisted of allantoic fluid 
diluted in buffered saline pH 7, and containing either 
100 or 10 MLD of virus. Tests for viral activity were 
performed by instilling 0.05 ml of fluid intranasally 
into lightly etherized mice. The mice were observed 
for 10 days and death with typical lobar consolidation 
was recorded as D,D,, ete., i.e., death occurred on the 
sixth or eighth day following inoculation. Mice sur- 
viving 10 days were killed and the extent of lung 
lesions reported as 0 (normal), 1+, 2+, 3+, 4*. 


EXPERIMENTAL 


The virucidal action of ascorbic acid and its neutral- 
ization by catalase: One ml of a 0.05M solution of 
ascorbic acid was added to 1 ml of influenza A virus 


solution containing 100 or 10 MLD; 0.5 ml of buffered 


saline was added to the solution to make a total vol- 
ume of 2.5 ml. After remaining at room temperature 
for 10 minutes, 0.05 ml of the solution was inoculated 


7M. G. Sevag and L. Maiweg, Biochem. Z., 288: 41, 
1936. 
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In order to determine the inhibitory action of cat 
lase 1 ml of virus was added to 0.5 ml of catala 
diluted 1:10; 1 ml of 0.05 M aseorbie acid was the 
added and after 10 minutes at room temperatu 
0.05 ml of the solution was inoculated into mice. Th 
results in Table 1 show that catalase complete 
neutralized the action of ascorbic acid. 

Action of hydrogen peroxide upon influenza 
virus: Hoagland, Ward, Smadel and Rivers® hav 
shown that Cu is present in high concentration | 
their purified preparations of vaccinia virus. Thowl 
quantitative data are not available on the presence 4 
Cu in influenza A virus it is reasonable to assume thi 
Cu is present, since it is a normal constituent of livim 
cells and exists in relatively high concentration in th 
chick embryo, the host for the growth of our stra 
of influenza virus. Assuming the presence of Cu 
amounts as small as 0.0002 mM then at pH 7 half os 
dation of ascorbic acid occurs in 10.3 minutes (4). 
room temperature the theoretical yield of H,0, !t 
0.05 M ascorbic acid would be 0.085 per cent.; in th 
presence of 0.01 mM of Cu the H,O, formed woil 
be approximately 0.14 per cent. 

We have found the minimal concentration of H,! 
causing complete inactivation of 10 MLD of influen™j 
A virus is 0.1 per cent. (Table 1). Therefore # 
virucidal activity of a 0.1 per cent. solution of H,0 
approximates the virucidal activity of the H,%% 


8 C. L, Hoagland, 8, M. Ward, J. E. Smadel and 7 
Rivers, Jour. Exp. Med., 74; 69, 1941. P: The 
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Ming from the Cu catalyzed oxidation of 0.05 M 
orbie acid. 
Discussion 


the role of Cu in the virucidal action of ascorbic 
id is still not clearly defined, though our preliminary 
yrvations have indicated that KCN inhibits the 
ycidal action of ascorbie acid presumably by com- 
ping with Cu to form a stable compound. 

It is of interest to note that the bactericidal activity 
Penicillin B has also been reported as being due 
the production of H,O,. The Penicillin B was 
md to be a glueose oxidase producing H,O, in the 
wence of glucose and oxygen.® 


SUMMARY 


The theoretical yield of H,O, formed during the 
idation of a virucidal solution of ascorbic acid. ap- 
ximates the virucidal action of an equivalent 
Bout of H,O,. Both the action of ascorbic acid 
4 H,0, are completely neutralized by catalase. 
By action of ascorbic acid against influence A virus 
iy therefore be explained as being due to the H,O. 
med during the Cu eatalyzed oxidation of ascorbic 

The observed im vitro virucidal activity of ascorbic 
id obviously can not be utilized therapeutically be- 
ise of the presence of catalase in body tissues. 


Morton 
(HOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA 4, PA. 


BLOOD, URINE AND FECAL LEVELS OF 
STREPTOMYCIN IN THE TREATMENT 
OF HUMAN INFECTIONS OF E. 
TYPHOSA!2.3 


Tke clinical studies of the effect of streptomycin 
B the course of typhoid infections in humans will be 
ported by Reimann, Elias and Price.* 

he potency assay of streptomycin depends on a 
triif[ender-plate technique, similar to the method used 
penicillin assay, in which a strain of B. subtilis was 
stituted for S. aureus.s This procedure is also 
t that used in the assay of streptothricin.® 


10. Schales, Arch. Biochem., 2: 487, 1943. 

The method for the assay of streptomycin in citrated 
', hemolysed with saponin, and urine was obtained 
‘ugh the courtesy of Dr. J. M. Carlisle and Dr. D. F. 
bertson, of the Merck Institute for Therapeutic Re- 
th, Rahway, N. J. 

This work was eondueted in the laboratory of Dr. 
A. Reimann in Jefferson Medical College, Philadelphia, 


Detailed methods of procedure will be presented in 
Pbsequent publication. 

- A. Reimann, W. F. Elias and A. H. Price, Jour. 
Asn., in press, | 


1.5. Robinson and D. G. Smith, Jour. Pharmacol. and 
P Therap., in press. 
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During this investigation, patients were given strep- 
tomyein in dosages ranging from one million to four 
million units daily. The drug was given by the intra- 
muscular or intravenous routes and, in one patient, 
by the oral route which, on discontinuance, was fol- 
lowed by injection, using the intravenous drip method. 
Intramuseular and oral doses were given at three- 
hour intervals. 

Blood and serum samples were usually collected 
after the first dose at intervals of 1, 2, 3, 6, 12, 24, 
36, 48, ete., hours of treatment. Samples were also 
drawn at short intervals on discontinuance of dosage. 
Urine samples were collected at a number of short 
intervals following the initial dose and again on dis- 
continuance of dosage. In the interim, 24-hour urine 
collections were made to determine the amounts of 
streptomycin present. In two eases feeal samples 
were assayed, when possible, on the basis of 24-hour 
collections. 


INTRAMUSCULAR AND INTRAVENOUS DOSAGE 


These routes of administration produced similar 
blood and serum levels in direct proportion to dosage. 
Four million units daily, given intravenously, resulted 
in whole blood levels with a mean of 12 units per ml 
and a mean of 28 units per ml of serum. Peak levels 
were reached within a few. hours after the start and 
disappeared within 24 hours after cessation of dosage. 

With an intramuscular administration of 20 million 
units over six days, 44 per cent. of the streptomycin 
was recovered in the urine. Following the intraven- 
ous dosage of 28 million units over 7 days, 70 per 
cent. of the streptomycin was accounted for in the 
urine. Urinary excretion appeared within 14 hours, 
with only traces remaining 72 hours after cessation 
of dosage. 

Fecal levels were not determined with intramuscular 
dosage, nor were total recoveries determined by in- 
travenous administration. However, four million units 
daily, by the intravenous route, produced from 100 
to 130 units per gram of feces. 


OrAL DosaGeE FoLLOWep BY INTRAVENOUS 
ADMINISTRATION 


Four million units daily, by oral ingestion, pro- 
duced no demonstrable blood level. Approximately 
1 per cent. appeared in the urine, while at least 64 
per cent. was eliminated in the stools over the period 
of oral dosage, with as high as 21,700 units per gram 
of fresh feces. — 

When oral admi:iistration was suddenly changed 
to intravenous injection, streptomycin promptly ap- 
peared in the blood and serum at levels comparable 


6 J. W. Foster and H. B. Woodruff, Jour. Bact., 45: 
408, 1943. 


‘ 
nde 
rol 
al { 
fferg 
44 
+ 
cata 
alag 
atu 
har 
oug 
Pics 
9 
ienl 
th 
1,0 
; 
2°% 
7 


590 SCIENCE 


to those observed previously, 65 per cent. was excreted 
in the urine and ouly 2 per cent. in the feces. 

Table I presents representative data of strepto- 
myein recoveries after various methods of adminis- 
tration. 

The general impression prevailed throughout these 
tests that streptomycin in water solution, and in its 
passage through the body, was extremely stable, and 
it is very probable that recoveries in the urine and 
feces were actually greater than reported here. In 
this connection it is certain that total daily yields of 
urine and feces were not obtained because of uncon- 
trolled eliminations by these very ill patients. 


RESISTANCE TESTS 


Robinson, Smith and Graessle,’ employing the agar 
plate technique, reported that the growth of Eber- 
thella typhosa was inhibited by one unit of strepto- 
mycin. 

The streptomycin resistance of the typhoid organ- 
ism, isolated from blood and stool cultures during this 


TABLE 1 


STREPTOMYCIN LEVELS IN BLOOD, SERUM, URINE AND 


Vor. 101, No, 


A stool culture, isolated after a total oral agg, 
of 15 million units and a subsequent 8 million yy 
administered intravenously, likewise demonstrataj , 
change in resistance. 

Modification of the procedure, in which Wy, 
negative human serum was added to the broth ty im 
concentration of 10 per cent., did not materig 
change the activity of streptomycin to all the aby 
cultures. 

A control, consisting of a stock culture of Bh 
thella typhosa maintained for several years on ao 
culture, was killed by 2 units, but not by 1 ymMie | 
of streptomycin in broth and serum-broth. ) 

In connection with the similarity in resistg 
among the cultures isolated during this investigatig 
it is of considerable interest that positive isolatigy 
were made in two persons whose stools contained! 
units per gram and 145 units per ml. Bearing} 
mind the enormous dosages administered, in contr 
to the in vitro resistance, it is possible that sogj 
inhibitory substance to streptomycin exists in {j 


In 
by cl 
ppy 


Feces AFTER VARIOUS ROUTES OF ADMINISTRATION Vfoct 


Urine levels Feeal level* “ 
units ml ml Volume weight gram recovery by St 
osage dosage brugs 
per cent. per comm hese 
H 2Zmillion intra- 5to7 13to14 2,580 ml 225 581,000 29 “ al 
muscular pp 
4 15 to 20 2,200 640 1.4 million 32 ivitie 
M 4million intra- 12 27 38,100 1,000 3.1 million T77 
venous (Mean) (Mean) inke 
24 hours after cessation of dosage 500 290 145,000 58.3 grams 40 2,330 - is 
F ti1million oral none none 2,200 4 8,800 0.9 18lgrams 4,000 724,000 17 ion ¢ 
‘ “ 12 22,800 1.1 182 grams 3,000 2.2 million 110 
enema 
1,300 29 38,000 0.95 118grams_ 8,400 928,000 23. 
2 vas intra- 6 19 ~3,200 830 1.06 million 53 180 ml 145 u/ml 26,100 Mi nurin 
venous (enema) 
15 32 3,500 740 2.6 65 231 grams 220 51,000 ug 
epor 
* Fecal recoveries varied considerably from day to day, but over-all recoveries amounted to at least 64 per cent. by linie 


d e and approximately 1 to 2 per cent. by intravenous administration. : 
These values are representative of the blood and serum levels existing at 12-hour intervals after initiation of dos 


investigation, was measured by a broth culture tech- 
nique in which 5 ml volumes of broth contained 1,000 
organisms per ml, and concentrations of streptomyein 
ranging from 0.5 unit to 20 units per ml. Readings 
were made 24 and 96 hours after incubation at 37° C. 

Three cultures from three patients, including two 
from stools and one from blood, isolated prior to 
streptomycin therapy, were all killed by 6 units, but 
not by 4 units, of streptomycin per ml of broth. 

A culture, isolated from blood after nine days’ in- 
tramuseular dosage of one million units/24 hours, 
showed no change in resistance. 


7H. J. Robinson, D. G. Smith and O. E. Graessle, Proc. 
Soc. Exp. Biol. and Med., 57: 226, 1944. 
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human body. Because of the considerable recovert 
streptomycin was not destroyed by this agen!,! 
its activity was very much reduced. 


CONCLUSIONS 


(1) Streptomycin levels in blood, serum, urine! 
feces were easily determined. 

(2) Intramuseular and intravenous dosages ™ 
comparable with respect to demonstrable blood et 
high urine recovery and, in intravenous dosage, * 
fecal recovery. 

(3) Oral administration produced no demons 
blood level, a very low urinary recovery, but 
tremely high fecal content. This is indicative ® 
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freptomy cin, under the conditions of these investi- 


dogag 
vations, Was not readily absorbed through the intes- 


) The iw vitro streptomycin resistance of cul- 
wes, isolated during therapy, did not differ from 
MM. jtures isolated from blood and stools prior to the 
of streptomycin. 
ahollm (5) The contrast between the very large dosages 
oupled with blood and fecal isolations during 
Bhemipherapy, and the comparatively low in vitro resistance 
¢ these cultures, indicated the possible presence in 
je body of a substance inhibitory to streptomycin. 


F. Evias 
JANE Durso 

alia WyetH INSTITUTE OF APPLIED BIOCHEMISTRY, 

ation PHILADELPHIA, PA, 


ned 4 
ring PARA-AMINOBENZOIC ACID—ITS EFFECT- 
ontn IVENESS IN SPOTTED FEVER IN 
GUINEA PIGS: 
in ga IN contrast with the spectacular successes achieved 
by chemotherapy in bacterial infections, chemother- 
spy in viral and rickettsial diseases is in general non- 
Miective. This applies particularly to the sulfona- 
ide agents. Greiff and Pinkerton? have shown that 
tilfanilamide does not inhibit rickettsial growth in 
we yolk-sac. Still more striking are the observations 
by Snyder, Maier and Anderson that the sulfonamide 
lrugs have a deleterious effect in experimental typhus. 
These phenomena, which offer another evidence of the 
pparently different metabolic requirements and ac- 
ities of the intracellular rickettsiae, led Greiff, 
Pinkerton and Moragues* to the use of “enzyme acti- 
“BPitors” in rickettsial infections. The inhibitory ac- 
ion of p-aminobenzoic acid (PABA) on rickettsial 
rowth was observed in egg yolk-saes infected with 
hurine typhus rickettsiae. A favorable effect of this 
wrug on murine typhus infection in mice was also 
eported.* The beneficial effect of PABA on the 
linical course of louse-borne typhus in man was 
tablished by the United States of America Typhus 
mmission unit in Egypt.5 
On the basis of these observations PABA was tested 
y Us in guinea pigs infected with Rocky Mountain 
potted fever. The strain of tick origin (Rocky 
lountain Laboratory) proved highly virulent to 
| Study assisted by a grant from the American Founda- 
bon of Tropical Medicine, Incorporated. 
*D. Greiff and H. Pinkerton, Proc. Soc. Exp. Biol. and 
erm, J.C. Snyder, J, Maier and O. R. Anderson, Report to 
a 


he Division of Med. Sciences, Nat. Res. Counc., m- 

- Greiff, H. Pinkerton and V. Moragues, Jour. Exp. 
80: 561-574, 1944. 
Ie Yeomans, J. C. Snyder, E. 8, Murray, C. J. D. Zara- 
a 1 R. 8. Eeke, Jour. Am. Med. Asn., 126; 349-- 
ve 
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guinea pigs: the regular 72 hours’ incubation period 
is fellowed invariably by high fever of 5 to 8 days’ 
duration. The death-rate in infected guinea pigs is 
100 per cent. 

The present work was directed into the possible 
protection of animals against the disease by the use 
of PABA. For this purpose guinea pigs were given 
the drug in proportion of 2 gm of the powder per 
each 100 gm of high protein feed ad lib. The ad- 
ministration of this mixture was started shortly after 
the intra-abdominal injection of the infective material 
(spleen or blood). In other series the drug was given 
24 hours prior to the infection or 24, 48 and 72 hours 
thereaiter. The daily PABA treatment was then con- 
tinued for 7 to 10 days, after which time it was with- 
drawn. 

As compared with the clear-cut febrile and fatal 
disease in control animals a striking change in the 
response of test guinea pigs was observed. Out of 12 
guinea pigs in which PABA intake preceded the in- 
jection by 24 hours three animals showed fevers of 
1 to 3 days’ duration; two guinea pigs reacted with 
slight and late elevations for 1-2 days, while seven 
animals remained completely afebrile. Two deaths 
were recorded. In another series of 17 guinea pigs 
treated with PABA beginning with the day of spotted 
fever injection, eleven animals remained afebrile dur- 
ing two weeks’ observation, three reacted with one 
or two days’ fever, two developed typical spotted 
fever and died, while one died showing no fever. As 
a whole, in 80 per cent. of test guinea pigs the fever 
was either entirely absent or reduced to abortive mild 
attacks. 

When PABA was administered during the ineuba- 
tion period 30 per cent. of guinea pigs remained 
afebrile even when the drug was given 72 hours after 
injection. However, the animals of this series showed 
a rather erratic appetite, resulting in an inefficient 
intake of PABA. 

These facts indicate that PABA, given before or 
shortly after infection, can prevent the appearance 
of clinical manifestations of the fatal spotted fever. 
In the large majority of test animals the visible 
symptoms (fever and scrotal reaction) were entirely 
absent. Nevertheless, some afebrile guinea. pigs 
showed pathological lesions (splenomegaly, pneumo- 
nitis) typical for spotted fever. When the spleen 
was injected into normal guinea pigs the latter re- 
acted with typical spotted fever like the controls. 
The surviving afebrile animals were then reinoculated 
with spotted fever rickettsiae and showed complete 
immunity. It seems, therefore, that the absence or 
mildness of clinical symptoms indicate rather a sup- 
pressive than destructive effect of p-aminobenzoic 
acid on spotted fever rickettsaie with the result of 
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inapparent (subclinical) infection. This phase of 
biochemical activity is associated with or followed by 


immune phenomena by which the guinea pig acquires 


active resistance to subsequent infection. 
The present study still in progress extends the 


previously observed effectiveness of p-aminobenzoic — 


aeid in other, milder rickettsioses*-> and proves its 
protective value in the highly virulent spotted fever. 
LupWIK ANIGSTEIN 
Mapvero N. BADER 
UNIVERSITY OF TEXAS 
SCHOOL OF MEDICINE, 
GALVESTON 


STUDIES ON THE MECHANISM OF ANTI- 
BACTERIAL ACTION OF 2-METHYL- 
14-NAPHTHOQUINONE! 


THE antibacterial activity of quinones has been 
recognized since 1911.?-%-4-5-67 Tnterest in this phase 
of their aetivity has been stimulated in recent years 
by the discovery of the quinone structure in antibioties 
devived from molds." Synthetic 2-nethyl-1,4-naph- 
thoc mone as ‘ested in this laboratory has been shown 
to be Yacteriostatie and bactericidal for both gram- 
positive cocei and gram-negative baeilli, and a similar 
effec! has reen noted on many species of fungi. It 
was found that minitaum effective bacieriostatic and 
bactericidal eoneentrations for Escherichia coli in a 
chemically defined medivr: were lower than in the 
usual peptone broth or evar (0.00125 per cent. to 
9.0025 per cent. instead oi 0.005 per eent. to 0.02 per 
cent.); also that in Brewer’s thioglyeolate medium, 
beth vacteriostatic and bactericidal activity of con- 
centrations as high as 0.04 per cent. were nullified in 
freshly prepared medium, although in medium pre- 
pared some three months previously and thoroughly 
shuken immediately before use, minimum effective 
bacteriostatic and baetericidel concentrations were 
approximately the same as in other peptone media. 
The effect of the fresh Brewer’s medium did not 
appear to be due to its anaerobie properties, since 
tests on ag-: plates ineubated in an anaerobic jar 
gave the seme endpoints as those obtained on aerobic 
ineubatior. The following «ork was undertaken in 


an attempt to explain this 


1A preliminary report. 

W. Thalhimer and B. Palmer, Jour. Infect. Dis., 97 
1911. 

3 E. A, Cooper, Biochem. Jour., 6: 362, 1912. 

+G. T. Morgan and E. A. Cooper, Biochem. Jour., 15: 
587, 1921. 

5G. T. Morgan «nd E. A. Cooper, Soc. Chem. and Ind., 
43: 352, 1924. 

6W. D. Armstrong, W. W. Spink and J. Kahnke, Proc. 
Soc. Exp, Biol. and Med., 53: 230, 1943. 

7A. E. Oxford and H. Raistrick, Chem. and Ind., 61: 
128, 1942. 

8S. A. Waksman and H. B. Woodruff, Jour. Bact., 44: 
373, 1942. 
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METHODS 


The medium used was McCleod’s synthetic mediun 9} 
with asparagin and (NH,),S0O, as sources of nitroge, 
glucose, NaCl, phosphates and traces of Fe, (a gy 
Mg, dispensed in 8” by 1” test-tubes in accurately 
measured amounts. 


The quinones employed included 2-methylj4 
naphthoquinone; the water-soluble sodium bisulfi, 
addition product of 2-methyl-1,4-naphthoquinone. Sp 


2-methyl-3-methoxy-1,4-naphthoquinone, 2-methy|3. 
chloro-1,4-naphthoquinone and 
thoquinone, all pure synthetic compounds preparg 
in the chemistry research laboratories of this corpo. 
tion. Solutions were made up aseptically in acetoy 
or water, depending on their solubilities, in concentyy. 
tions 25 times as strong as the highest final conc. 
tration desired in the medium. Serial dilutions wer 
made by halves and were added in 1 ml amounts (iy; 
24 ml of sterilized medium (to 23 ml if a substang of th 
to be tested for antagonism of antibacterial action vag}, 
also to be added). Substances to be tested for aj 
tagonism of antibacterial action were prepared iil 
sterile aqueous solution and 1 ml of a standard dif), , 
tion was added to each culture tube of a series «RM ino, 
taining vary.a7 concentrations of the quinone. Aq hoqu 
tone and ater controls were i2!nded in each serial 
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The inoculum ot Escherichia coli was 0.1 ml ot ag, _< 
24-hour culture in the synthetic mediuza dilvted 


(approximate:y 20 to 25 million bacteria, or 
to 1 million ner ml of euritze). Ineubation was aj 
37° C. except when the volacile ethyi mercaptan wa 
used, when both mereap.an a)! quinone control seri 
were incubated at 30° C. Rea. ngs for bacteriostas 
were made daily for 4 to 5 days by observations 
visual turbidity. Daily subcultures were made )j 
streaking each culture on an agar plate to determu 
whether organisms were killed or merely kept from 
growing. 

Nitroprusside tests for sulfhydryl groups were matt 
on mixtures of solutions of quinones and (a) thiogly 
colie acid neutralized with sodium carbonate and (im 
cysteine hydrochloride by adding 3 N NH, ani 
dilute solution of sodium nitroprv: “ide. 


pound 


Thioglyeolic neutralized with sedium carbontl 
and sodium thioglycolate (:astizan) in molar cont 
trations greater thaa 2-methyl- 1,4-naphthoquino 
suppressed both bacteriostatic and bactericidal act Inte 
ity of the quinone on £. coli in synthetic mediliiggmputiba 
This effect might have been due either to their a ctii@meport, 
as reducing agents or to the sulfhydryl groups; ® pode 
sequently other reducing agents were tested. 
bisulfite and sodium hydrosulfite partially Ps 


9 Colin MeCleod, Jour. Exp. Med., 72: 217, 1940. 
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the bacteriostatic and bactericidal effects of the quin- 
one, While stannous chloride, potassium formate and 
dium thiosulface had no effect. These results 
pointed to the probable responsibility of the sulfhydry] 
group for antagonism noted with thioglycolate; con- 
Cally ethyl mereaptan and cysteine hydrochloride 
were tested. Suppression of anticoli activity of 
>. methyl-1,4-naphthoquinone was again noted with 
ese two sulfhydryl compounds. 

Sodium thioglyeolate and cysteine hydrochloride 
aso antagonized the anticoli activity of 2-methyl-3- 
chloro-1,4-naphthoquinone, with —Cl instead of —H 
in the 3 position on the quinone ring, and that of 
6-dimethyl-1,4-naphthoquinone. However, these 
ulfhydryl compounds were without effect on the anti- 
oli action of 2-methyl-3-methoxy-1,4-naphthoquinone 
with the -OCH, group instead of —H or —Cl in the 3 
osition. 

Nitroprusside tests were difficult to read because 
of the interfering color of the quinone which masked 
veakly positive tests. A colored precipitate resulted 
rom the mixture of eysteine and 2-methyl-1,4-naph- 
Meethoguinone, but not from the mixture of cysteine and 
gz the methoxy quinone. As nearly as could be deter- 
‘mined under these circumstances, 2-methyl-1,4-naph- 
thoquinone and 2-methy!-3-chloro-1,4-naphthoquinone 
ere fn excess on a molar basis eliminated the color due 
—SH groups in these tests, while 2-methyl-3-meth- 
pxy-1,4-naphthoquinone did not, although a slightly 
eaker color reaction was elicited with the latter com- 


H 


H—C 


nd 2-methyl- 
1,4-naphthoquinone 


mound in exeess than in control tests with the same 


Poncentration of sulfhydryl. 


DISCUSSION 


Interferenee of sulfhydryl compounds with the 
itibacterial properties of mereury antiseptics was 
‘ported by Fildes in 1940,1° and a theory of their 
hode of action was proposed. Nungester, Hood and 
‘aren suggested a practical application of this 


4 " Paul Fildes, Brit. Jour. Exper. Path., 21: 67 , 1940. 
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finding in testing disinfectants of this nature. Thio- 
glycolate, glutathione and cysteine have been found 
antagonistic to a variety of antibiotic substances in- 
cluding penicidin,!? citrinin, gliotoxin, 
pyoeyanin and several from plants,!* elavicin and 
penicillic  Cavallito and believe 
that the main mode of action of many antibiotic sub- 
stances lies in their ability to interfere with the nor- 
mal function of sulfhydryl groups in bacterial meta- 
bolism. 

More recently, Geiger and Conn™ have suggested 
that since clavicin and penicillie acid are both a, 6- 
unsaturated ketones having as their only common 
structural detail the —CH= Be ee O group, the lat- 


ter grouping is concerned with their antibacterial 
potencies. The inactivation of both of these anti- 
biotics, as well as some synthetic, a, 6-unsaturated 
ketones, by sulfhydryl compounds led them to suggest 
that antibiotic properties of these substances are due 
to their reaction with sulfhydryl groups essential to 
the activity of bacterial enzyme systems, or with sulf- 
hydryl-containing metabolites essential to bacteria. 

2-methyl-1,4-naphthoquinone may also be consid- 
ered an a, B-unsaturated ketone, the antibacterial 
activity of which is suppressed by -SH compounds. 
Its mode of antibacterial action therefore appears to 
be similar to that suggested by several groups of 
investigators for antibiotic substances, some of which 
are known to contain quinone structures and some not. 


Cc 


2-methy]-3-chloro- 
1,4-naphthoquinone 


2-methyl-3-methoxy- 
1,4-naphthoquinone 


The fact that 2-methyl-3-chloro-1,4-naphthoquinone 
and 2,6-dimethyl-1,4-naphthoquinone with easily re- 
placeable —Cl and —H in the 3 positions on the quinone 
rings, are also inactivated by sulfhydryl compounds, 


11, W. J. Nungester, M. N. Hood and M. K. Warren, 
Proc. Soc. Exp. Biol. and Med., 52: 287, 1943. 


12 N. Atkinson and N. Stanley, Austral. Jour. Exp. Biol. . 


and Med. Sci., 21: 249, 1943. 

13C, J. Cavallito and J. H. Bailey, SciENcE, 100: 390, 
1944. 

1¢R. J. Hickey, ScrENCE, 101: 232, 1945. 

15 W. B. Geiger and J. E. Conn, Jour. Amer. Chem. Soe., 
67: 112, 1945. 
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while 2-methyl-3-methoxy-1,4-naphthoquinone with 
the -OCH, group in that position is not, lends sup- 
port to the hypothesis that the 3 position on the 
quinone ring is important in the inhibition of bae- 
terial growth by these compounds. The antibacterial 
activity of the methoxy quinone, however, even in 
the presence of sulfhydryl compounds, suggests that 
the foregoing may be only one of the mechanisms in- 
volved. 

Details of these studies will be reported in a sub- 
sequent communication. 


SUMMARY 


Thioglycolie acid neutralized with sodium carbonate, 
sodium thioglycolate (Eastman), ethyl mercaptan, 
cysteine hydrochloride and certain sulfur-containing 
reducing agents (sodium bisulfite and sodium hydro- 
sulfite) antagonize the antibacterial action of 2-methyl- 
1,4-naphthoquinone on Escherichi« coli in a synthetic 
medium. Other reducing agents such as stannous 
chloride, potassium formate and socium thiosulfate, 
show no such antagonism. The antibacterial activities 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


ELECTRON SHADOW MICROGRAPHY OF 


THE TOBACCO MOSAIC VIRUS 
PROTEIN?-2 


WE have recently shown’ that electron micrographs 
of tobaeco mosaic and influenza viruses shadowed 
by the oblique deposition of a very thin evaporated 
metal film reveal many details that have not otherwise 
been seen. For this earlier work the evaporated film 


was chromium in a ¢aleulated thickness of ca. 80A. 


This procedure is satisfactory as long as one is con- 
cerned with objects like bacteria* and most viruses 
that are large compared with the thickness of the 
metallic layer deposited on them during shadowing. 
In attempts to detect very small particles it has been 
found that they may be recorded, though smaller in 
diameter than the thickness of chromium they ac- 
cumulate when shadowed. Though this does not in 
itself interfere with their detection, it gives an ob- 
viously false impression of shape and renders difficult 


and inaccurate any measurements of their true size. © 


We have accordingly sought a metal of higher elee- 
tronie seattering power than chromium which would 
give continuous films upon evaporation and could 


1 From the Department of Physies and the Virus Labo- 
ratory, Department of Epidemiology, School of Public 
Health, University of Michigan. 

2 Supported in part by a grant from the National Foun- 
dation for Infantile Paralysis, Ine.’ 

3R. C. Williams and R. W. G. Wyckoff, Proc. Soc. Exp. 
Biol. and Med., 58: 265, 1945. ; 

4R. C. Williams and R. W. G. Wyckoff. In press. 


sulfhydryl groups of essential bacterial metabolite 


origin in the ultimate structure of the eollodion sib 
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of 2-methyl-3-chloro-1,4-naphthoquinone and 
dimethyl-1,4-naphthoquinone are also abolished by 
excess thioglycolate and cysteine, while that 
2-methy]-3-methoxy-1,4-naphthoquinone with 
instead of —C] or —H in the 3 position on the quino 
ring, is not. These findings suggest that the mode «¢ 
antibacterial action of 2-methyl-1,4-naphthoquinoy, 
is by blocking essential enzymes through combinatig, 
with sulfhydryl groups, or through combination yij, 


This combination may take place in the 3-position m 
the quinone ring. This mode of action is similar 4 
that suggested by other investigators for several ani, 
biotic agents including penicillin. The antibacteril 
activity of the methoxy quinone, however, even jj 
the presence of sulfhydryl groups, suggests that the 
foregoing explanation may not be the complete on 


CHARLOTTE A. CoLwet 
Mary McCann 
MICROBIOLOGY LABORATORIES, 
VELSICOL CORPORATION, | 
CHICAGO, ILLINOIS 


therefore be used in much thinner layers for shadow 
ing. Gold in a caleulated thickness of 5 to 10A medi 
these requirements. It replaces chromium to greil 
advantage in the photography of the smallest virus 
and of other particles of macromolecular size. 

An electron micrograph, made with an RCA Type 
EMB instrument, of a gold-shadowed tobacco mosti 
virus preparation’ is shown in Fig. 1. Compared 
with our previously published picture of this si 
stance® there 1s a clear improvement in the deline 
tion of the tobaceo mosaie fibrils, though it should 
emphasized that when allowance is made for the dig 
ferent thicknesses of the coating metals the sal 
general idee of fibril-shape emerges from a consider 
tion of each photograph. There is also a reductioggmica ¢ 
in the texture of the background detail which has i 


strate. This reduction is important fer work wi 
other macromolecules because such moleeules cat ® 
studied on collodion substrates only as long as 4 i 
crimination can be made on the photographs betweh an 
the macromolecules and the structural details of H,, g, 
lodion. the 

Since, as the figure indicates, collodion has an ut Phts ¢ 
mate structure approaching in dimensions the’ 
of the tobacco mosaic virus molecule and since SMe int, 
smaller particles can be recognized through 
casting, it has been important to find and utili this 


5 We are indebted to W. M. Stanley for the puri glas 
tobacco mosaic virus protein used in this work. @ the 
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2,6. mmmoother substrate. Polished glass has such a smooth- 
bys, and we have found that replica preparations 
of Mie in the following fashion reproduce particles 
Ce macromolecular dimensions spread upon its sur- 
~, To make these replicas of purified tobacco 
aie protein, a drop of an appropriate dilution in 
villed water is first placed on a chemically cleaned 
scope slide. This slide, when thoroughly dry, 


i. 1. An electron micrograph of fibrils of the tobacco 
ai¢ virus protein on collodion and shadowed with ca. 8A 
bold. The lines drawn at the bottom of this and the 
figure are each one micron long. This magnification 
been established by the photography of an all-metal 
ica of a 15,000 line per inch diffraction grating. 
se two figures are negatives; they have been prepared 
teproduetion by making contact positives from the 
yilfgge=2! negatives on medium lantern-slide plates and 
iting from them onto No, 3 Bromide paper. 


laced in the vacuum chamber of the evaporating 
and coated with a calculated average thickness 


fen, 8A of gold, the angle of deposition being such 
i H the lengths of the shadows are several times the 

‘ plits of the objects causing them. On removal from 
"cm chamber the regions of the metal-coated 
~ ‘intended for study are immediately covered with 
a in (ca. 500A) layer of collodion. As soon as it is 


this film and its adhering gold is stripped from 
glass onto the customary wire specimen screen 
‘he help of “Scotch tape,” following procedures 


SCIENCE 


595 


commonly employed in handling replicas for metallo- 
graphic examination. Because of the predominant 
seattering power of the gold, it makes little differ- 
ence whether the small organic particles actually leave 
the glass when the replica is stripped. The collodion 
film now shows no structure when examined in the 
microscope because its fine structure has not been 
brought out by the shadow-cast gold. Fig. 2 is a 


Fig. 2. An eleetron micrograph of a gold replica of 
fibrils of the tobacco mosaic virus protein deposited on 
glass. The same details of fibril structure appear on the 
two photographs, but the greater background smoothness 
of the glass surface is apparent. 


photograph of such a stripped gold replica of tobacco 
mosaic fibrils lying on a glass surface. 

A careful comparison of these two photographs and 
of others like them has demonstrated that there is no 
detectable difference in appearance or dimensions 
between the tobacco mosaic fibrils seen in the replieas 
or shadowed directly on collodion. The fine details 
of structure of the tobacco mosaic rods, as exemplified 
by their parallel groupings and by the segmentation 
of their separate elements, appear at least as well in 
the replica as in Fig. 1. This apparent faithfulness 
of the replica and the far greater smoothness of its 
background make certain that it ean be used to reveal 
macromolecules much smaller than those of the tobaeco 
mosaic protein. 

Photographs such as those reproduced above pro- 


a= 
i 
l 
a 
+ 
7, 
SOE: 
} 
‘ 
* 
gat 
4 


596 SCIENCE 


vide a measure of both the breadths and the heights 
of individual tobaceo mosaic fibrils. Sinee the sepa- 


rate rods are easily distinguished from one another " 


as they lie parallel and closely packed in bundles, 
they can be counted and their total width measured. 
This can be done with aceuracy by photometering 
aeross the parallel clusters of fibrils that appear in 
both figures. Such a photometric traverse is given 
in Fig. 3. Disregarding small irregularities intro- 


Fig. 3. A microphotometric record of a traverse normal 
to the length of a group of five parallel fibrils. As the 
appended seale of magnification indicates, this corresponds 
to a linear magnification of about half a million. 


duced by photographie grain at this high magnifica- 
tion, it is seen that the fibres have a uniform width of 
125A. The breadth of isolated fibrils can also be 
estimated. When this is done their measured widths 
are found to vary from ca. 140A to 200A, depending 
on their orientation with respect to the direction of 
shadowing. As would be expected, the apparent 
breadth is greatest for those that lie about normal 
to the direction of metal evaporation. Rods that lie 
parallel to this direction east no lateral shadows and 
are so poorly visible that their widths can not be 
measured accurately; but upon plotting apparent 
widths as a function of angle of deposition for the 
other rods, it is found that the unshadowed fibrils must 
have a breadth close to ca. 120A. Hence the width of 
a fibril is substantially the same, whether it is lying 
alone or as a member of an oriented bundle. This 
has importance in connection with problems involving 
the changes in shape and size that these and other 
macromolecules may suffer during desiceation. The 
breadths we have measured above are comparable 
with previous estimates of 150A based on direct elec- 
tron micrography.® 

The height of a tobacco mosaic fibril ean be deduced 


6 W. M. Stanley and T. F. Anderson, Jour. Biol. Chem., 
139: 325, 1941. 
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from a knowledge of the length of the shadow i; , 
and the angle between the shadowing atomic bean, 
the shadowed surface. Collodion films mounjyj 
the wire sereens used for electron micrography g 
not flat, and this has made it difficult to know sl 
rately the angle of shadowing at a given poig 
them; but this uncertainty no longer exists y 
dealing with replicas taken from a flat glass gy, 
The replica of Fig. 2 was made so that sh 
lengths are five times the heights of the objects 
ing them. The lengths of the shadows of the toby 
mosaic fibrils are best measured from the shadogll 
edge of groups of rods lying normal to the dire 
of evaporation. Such shadows prove to be ca, (ij 
long. The fibrils then are one fifth of this, or 1y 
high; they are thus of equal width and height. 
Individual fibrils, of which the one lying horig 
tally at the bottom of Fig. 2 is a good exay 
often appear segmented along their lengths. It} 
been suggested® that the lengths of individual toh 
mosaic rods as observed in the electron micros 
are integral multiples of some unit that coul 
considered as the fundamental molecular length, | 
have examined many of the segments seen in ai 
photographs to determine whether their lengths @i&icrys 
either uniform or simple multiples of an underiyj 
unit. They vary in an. apparently continuous » 
ner between ca. 200A and ca. 1,000A. 


SUMMARY 


Two improvements are described in the we 
shadow electron micrography for the observation GM Joy, 
particles of macromolecular dimensions. One involjmand 
the substitution of gold for chromium as shadow 
metal. The thinner gold film that can be emply 
gives a truer representation of the shape of parti 


so small that shape and size are significantly allé 


by the thickness of the shadowing metal deposited 

them. The other consists in metal-shadowing § 
particles deposited on a very smooth surface sul gry 
that of polished glass and the handling of this 

film as a replica of the glass surface and the) 

ticles resting on it. This technique pernils! 
photography of particles whose direct: } 
disturbed by the fine structure that is broughi Gi 
by shadowing a collodion substrate. Applicatidl 

these methods to the electron micrography of Gi thi 
tobacco mosaic virus protein shows that its fibre ab 
rods about 125A both in height and breadth. Thi 

the rods appear segmented, these segments hav?! 

been found to have a length that is constant 
small integral multiple of an underlying unit. 


Rosiey C. 
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